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EXPERIMENTAL INVESTIGATION OF HEAT TRANSFER BETWEEN
HOT AIR NOZZLE FLOW AND CYLINDER

Radek ZAHRADNIK, Jan BOHACEK, Petr KOTRBACEK"®

Abstract: A variety of experimental measurements were performed to clarify the
influence of air pressure and distance from a nozzle outlet on the heat transfer
intensity between a cylinder’s surface and the hot air flowing around the
cylinder,which is placed in a rectangular air channel. The surface temperatures of
five different surface pointsand air temperatures are recorded during each
experiment. The heat transfer coefficient is calculated from the following recorded
parameters: air temperature, calculated surface temperature, and heat flux. The
surface temperature and the heat flux are obtained from finite element analyses
using ANSYS. The boundary conditions for these analyses are taken from the
temperature history records. Three different values of air pressures and distances
are tested. The distribution of the heat transfer coefficient around the cylindrical
surface is determined for these testing conditions.Results are presented in the form
of graphs.

1. INTRODUCTION

The goal of this paper is to present the results from a large set of temperature
measurements on a cylinder roll which is heated by hot air in a rectangular air channel.
The hot air flows s flowing from outlet nozzles at the bottom of the channel. The
measurements were performed to clarify the influence of air pressureand distance from
the bottom of the air channel on the heat transfer coefficient (hereinafter referred to
asHTC) between the cylinder’s surface and the hot air flowing around the cylinder.In
addition, the influence of space between the wall of the air channel and the cylinder’s
surface is observed.

The HTC between the blowing air and the cylinder cannot be measured directly. A
knowledge of all the parameters: heat flux, temperature of the cylinder and blowing air is
needed for its determination. The temperatures are measured by thermocouples and
recorded by a data logger. The heat flux is computed via ANSYS and FEA.

2. MEASUREMENTS

Two different cylinder-air channel geometrical configurations were usedThe first
geometrical configuration wasset with an insert which was placed inthe air channel to
make the channel narrower. The second configuration was without the insert.The
insertreduces the space between the wall of the air channel and the cylinder.
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The cylinder is about 0,3 meters long.The outlet nozzles are installed into the rectangular
air channel in a periodical distance of 0,03 meters at the bottom. The sketch of the
configuration is shown in Fig. 1. Each nozzle has the same inlet velocity and air pressure
during the experiment. Due to this configuration, a unique temperature distribution is
only in the area between 0 mm to 15 mm at Z-coordinate from the outlet nozzle.
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Figure 1: Sketch of axis system used to address results.

The temperatures were recorded for each geometrical configuration in three different
places (hereinafter referred to as measurement planes) on the cylinder surface. These
measurement planes have different Z-coordinates (0/7,5/15 mm). Tests were
performedusing three different air pressures (600/350/100 Pa)and with three different
distances between the cylinder and the bottom of the air channel (14/8/2 mm). This
quantity is measured in Y-coordinate (Figure 1). The air pressure is measured inside a
feeding ducting.
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Figure 2: Illustrations of measurement planes where the surface temperatures

were recorded (on the left side) and position of thermocouples (on the right
side).

3. RESULTS

The results are presented in radial charts. The presented results are only from one
measurement plane with Z-coordinate 0 mm.Thecharts representthe measurements
performed in the same axial distance from the bottom of the air channel.Each chart has 3
curves of HTC distribution around the cylinder’s surface. These curves represent 3
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different distances of the cylinder from the outlet nozzle. The blue circle in the middle of
each chart represents the cylinder itself. The charts have two axes. The radial axis
represents a value of HTC. The peripheral axis (refer to as @) represents the angular
coordinate. The outlet nozzle is placed at ¢= 180°.Both configurations, with and without
the insert,are presented side by side (with/without enclosureon the right/left side) for an
easy comparison. The width of air channel is 24/36 mm with/without the insert.The
diameter of cylinder is 18 mm.

The temperature records are processed by MATLAB to obtain the envelope boundary
condition for transient FEA in ANSYS. A cubic spline interpolation is used to create the
discrete temperature field for the whole cylinder surface. This field has 180 values along
the radial edge of the cylinder (1 value per 1 angular degree). The five values are
obtained from measurement, the other valuesare obtained by approximation in MATLAB.
In the Z-coordinate, the field has 30 values (1 value per 1 mm of length of cylinder). The
three of them are measured; the other values are obtained by approximation in MATLAB.
The process of obtaining the results from the measurements is fully described in the
author’s previous work [1].

MEASUREMENT PLANE Z = 0 MM

Figure 3, 4: Charts of HTC distribution along cylinder surface for air pressure p
= 600 Pa.The radial axis represents a value of HTC. The peripheral axis (refer to
as @) represents angular coordinate.
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Figure 5, 6: Charts of HTC distributionalong cylinder surface for air pressure p =
350 Pa.The radial axis represents a value of HTC. The peripheral axis (refer to
as @) represents angular coordinate.

Figure 7, 8: Charts of HTC distributionalong cylinder surface for air pressure p =
100 Pa. The radial axis represents a value of HTC. The peripheral axis (refer to
as @) represents angular coordinate.
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4. CONCLUSION

A decrease of HTC to almost zero can be observed on almost each chart. The decrease is
located mostly near ¢ = 130°/230° + 15°. This is most likely because of a disruption of
air flow.

The geometrical configuration without the insert shows higher values of HTC in most
cases as we can see in Figures 4 and 6. The higher values of HTC aremost likely because
of a slower cross flow around the cylinder.

The unambiguous correlation between the distance of the cylinder and the bottom of the
air channel can be seen with configuration without insert. Figures 4 and 6 show that the
HTC values are distributed according to their Y-coordinate value and air pressure
600/350 Pa. Figure 8 shows that the HTC values are almost identical in the experiment
with air pressure 100 Pa.

The geometrical configuration with insert does not directly correlate between HTC values
and distance in Y-coordinate. Figures 3 and 5 show that the distance 8 mm between the
cylinder and bottom of the air channel produces the highest value at the bottom of the
cylinder. A wake created during the test with the distance 2 mm between the cylinder
and bottom of the air channel shows the highest value at the top of cylinder (figure 3, 5).
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