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INTRODUCTION

This document summarizes the research performance done at the Heat Transfer
Laboratory of the University of Minnesota on heat transfer and energy separation in
separated and vortex flow supported by DOE in the period 1* September 1998 — 31%
August 2003.

Unsteady and complicated flow structures in separated or vortex flows are the
main reason for a poor understanding of heat transfer under such conditions. The research
from the University of Minnesota focused on the following important aspects of
understanding such flows.

e Heat/mass transfer from a circular cylinder.

e Study of energy separation and heat transfer in free jet flows and shear layers.

e Study of energy separation on the surface and in the wake of a cylinder in
crossflow.

The current study used three different experimental setups to accomplish these
goals. A wind tunnel and a liquid tunnel using water and mixtures of ethylene glycol and
water, is used for the study of Prandtl number effect with uniform heat flux from the
circular cylinder. A high velocity air jet is used to study energy separation in free jets. A
high speed wind tunnel, same as used for the first part, is utilized for energy separation
effects on the surface and in the wake of the circular cylinder.

The final outcome of this study is a substantial advancement in this research area.

The details of the results are explained in the following sections.
RESULTS
1. Heat/Mass Transfer from Circular cylinder
The effect of free stream turbulence on heat/mass transfer from circular cylinder
re was measured [1]. Also, the effect of Prandtl number on local heat transfer from a

circular cylinder in crossflow was studied [2-4]. The Prandtl number is varied from 0.7 to

180 using air, water and six mixtures of ethylene glycol and water as working fluids. The



Reynolds number is adjusted in the range of 2000 and 100000. A uniformly heated
circular cylinder is used in the study to obtain the relationship between the local Nusselt
number and both Reynolds number and Prandtl number. For Reynolds number higher
than 5000, the distribution of local Nusselt number has three distinct regions where, heat
transfer is found to increase after the separation due to reattachment and alternate vortex
shedding. For Reynolds number less than 5000, the effect of Prandtl number on the heat
transfer downstream of the separation point is small. However, Prandtl number still
strongly influences heat transfer on the front part of the cylinder.

Experiments of mass transfer from a circular cylinder in fluidized bed were
conducted [5]. Heat/mass transfer results around a 90° bend in square duct were obtained
[6]. The heat/mass transfer analogy is experimentally validated under laminar and
turbulent boundary layer conditions [7]. Flow visualization of a jet impinging on a
circular cylinder was studied to obtain heat transfer characteristics from the cylinder
surface [8,9]. Detail effects of jet impingement on the heat transfer from convex and

concave surfaces are described in references [10-14].

2. Study of Energy Separation in Free Jet Flows and Shear Layers

Energy separation is the spontaneous redistribution of energy within the flow,
which occurs, in separated flow and vortex flow. The mechanism of energy separation in
a free jet flow and shear layer was investigated both numerically and experimentally [15-
17]. The enhancement of energy separation due to acoustic excitation was also studied.
The experimental results show that the frequencies of the dominant total temperature
fluctuations coincide with those of velocity fluctuations, which represent the passing
frequencies of ring vortices. The study confirms that the mechanism of energy separation
is induced by motion of the coherent structure, which generates pressure fluctuations
within the flow field [18-19]. These results are supported by flow visualization and

numerical results [20,21].



3. Study of Energy Separation on the surface and in the wake of Circular cylinder

The existence of energy separation on the surface of circular cylinder in crossflow
and its enhancement due to acoustic excitation was studied in detail [22]. The results
indicate that alternate vortex shedding in the wake of cylinder is the cause of energy
separation. The vortices are strengthened due to acoustic excitation and hence the
magnitude of energy separation. The study is extended to the wake of cylinder and
evidence of energy separation was found as far as ten diameters downstream. The vortical
structures causing pressure fluctuations are found to be the cause of this effect. The

details of the results can be seen in [23,24].
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