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ABSTRACT

Variable pitch axial flow fans are widely used in
industrial applications to satisfy variable operating conditions. In
this work, an experimental research on a fan of this kind has
been carried out. The performance curves of the fan have been
obtained and the flow field has been measured at the best
efficiency point of each blade pitch tested and for a lower and
higher flow rate, in a fixed plane downstream the rotor with a
triple hot-wire probe. The radial and circumferential distributions
have been obtained, and maps of the velocity components over
a blade channel are shown for each operating condition. The
flow structure, including the tip and hub blockage, the blade
wakes and the main flow core, is characterized.

NOMENCLATURE

C	 : absolute velocity
Cm	 : average axial velocity Q/S
P	 : total pressure
Q	 : flow rate

1 INTRODUCTION

Many industrial ventilation systems require a wide
operating range. One of the more efficient methods to fulfill the
regulation purpose in axial flow fans is to provide variable pitch
blades (Marples, 1982; O'Neill, 1982). However, changes in the
performance curves occur in such a way that the stall margin is
modified and the maximum efficiency is reduced. The pitch
change implies that the blade geometry is not as well adapted to
the resulting flow as in the design setting. This is due to the fact
that the attack angle changes the same amount for each blade
section, which have different sensitivity to that change.

In this work, an experimental research has been carried
out on an axial flow fan with variable pitch. First of all, the fan
performance curves have been obtained. Then, the flow field has
been measured both at the inlet and the exit rotor plane using a
triple hot-wire probe. The objective is to characterize the blade
pitch influence and the operating conditions on the flow
structure. Thus, maps of the velocity components over a blade
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Figure 3. Pressure coefficient against flow coefficient

each blade pitch tested, and for a lower and higher flow rate.
The measurement exit and inlet planes are 142 mm downstream
and 120 mm upstream the blade axis, respectively. In both
planes, ten radial positions were selected (Figure 5). In each one
the signals coming from the three wires were acquired, together
with one pulse per revolution trigger signal. This signal was used
to accurately position the different radial signals among
themselves.

The data were acquired with an analog-to-digital card
placed in a personal computer, stored in files and transformed
according with the calibration charts of the probe to obtain both
the flow velocity and the flow angle. Data acquisition frequency
was 12.8 kHz per channel (256 points per revolution) to obtain
a good resolution and the filtering frequency was set to 5 kHz
per channel to avoid acquisition errors (aliasing). Meaning
frequencies in the flow are lower than 1 kHz. The acquisition
length was 2304 points per channel.

For each flow condition tested, the averaging of the
acquired signals made possible to obtain either the radial and the
circumferential distribution of each velocity component.
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Figure 4. Efficiency versus flow coefficient

3 RESULTS

In the following figures, the velocity components will
appear in a dimensionless way: the axial component with respect
to the mean axial velocity in each particular test condition, and
the radial and tangential components with respect to the tip blade
velocity, U.

Mean radial distributions

These distribution have been obtained by averaging all
the circumferential data to one value for each radial position. At
the inlet plane, the flow is almost axial and quite uniform from
hub to tip. Figure 6 shows the radial distribution of the axial
component at both the inlet and exit rotor measurement planes
for the design geometry and the best efficiency point.

With respect to the exit plane, the axial component is
uniform except in the tip region. The blockage due to the end-
wall boundary layer present at the inlet plane has increased
considerably through the rotor.

Figure 7 shows the radial distribution of the tangential
components for the same conditions. It decreases from hub to
mid-span, presenting a free vortex distribution modified by the
blockage in the tip region.

Velocity maps

The maps have been obtained by averaging each radial
measurement to the circumferential extent of two blade channels
and by relatively positioning them in such a way that the
circumferential origin be the same. Thus, the flow field can be
seen from hub to tip and from blade to blade. For a fixed blade
setting, due to the pitch and chord change from hub to tip, the
distance from the measurement exit plane to the trailing edge
varies from hub to tip. This distance is also different for each
blade setting. This fact implies that the blade wakes diffusion
rates will not be constant.
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each blade pitch tested, and for a lower and higher flow rate.
The measurement exit and inlet planes are 142 mm downstream
and 120 mm upstream the blade axis, respectively. In both
planes, ten radial positions were selected (Figure 5). In each one
the signals coming from the three wires were acquired, together
with one pulse per revolution trigger signal. This signal was used
to accurately position the different radial signals among
themselves.

The data were acquired with an analog-to-digital card
placed in a personal computer, stored in files and transformed
according with the calibration charts of the probe to obtain both
the flow velocity and the flow angle. Data acquisition frequency
was 12.8 kHz per channel (256 points per revolution) to obtain
a good resolution and the filtering frequency was set to 5 kHz
per channel to avoid acquisition errors (aliasing). Meaning
frequencies in the flow are lower than 1 kHz. The acquisition
length was 2304 points per channel.

For each flow condition tested, the averaging of the
acquired signals made possible to obtain either the radial and the
circumferential distribution of each velocity component.
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3 RESULTS

In the following figures, the velocity components will
appear in a dimensionless way: the axial component with respect
to the mean axial velocity in each particular test condition, and
the radial and tangential components with respect to the tip blade
velocity, U.

Mean radial distributions

These distribution have been obtained by averaging all
the circumferential data to one value for each radial position. At
the inlet plane, the flow is almost axial and quite uniform from
hub to tip. Figure 6 shows the radial distribution of the axial
component at both the inlet and exit rotor measurement planes
for the design geometry and the best efficiency point.

With respect to the exit plane, the axial component is
uniform except in the tip region. The blockage due to the end-
wall boundary layer present at the inlet plane has increased
considerably through the rotor.

Figure 7 shows the radial distribution of the tangential
components for the same conditions. It decreases from hub to
mid-span, presenting a free vortex distribution modified by the
blockage in the tip region.

Velocity maps

The maps have been obtained by averaging each radial
measurement to the circumferential extent of two blade channels
and by relatively positioning them in such a way that the
circumferential origin be the same. Thus, the flow field can be
seen from hub to tip and from blade to blade. For a fixed blade
setting, due to the pitch and chord change from hub to tip, the
distance from the measurement exit plane to the trailing edge
varies from hub to tip. This distance is also different for each
blade setting. This fact implies that the blade wakes diffusion
rates will not be constant.
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Figure 6. Radial distribution of the dimensionless axial
component

The incoming flow to the rotor scarcely changes from
blade to blade. Thus, only maps at the exit plane are presented.
The maps represent an instant picture of the flow field seen from
downstream the rotor, which would be turning anti-clockwise. In
a blade wake, the right side comes from the blade suction side.

Next, either the flow rate influence and the blade pitch
influence on the flow structure is to be analyzed. Figure 8 shows
the map of the radial component for the design conditions. This
component is small except in the blade wakes where it increases
slightly. Similar trends were found for the other test conditions.

- Flow rate influence

Figure 9 shows the maps corresponding to the axial
component for the three flow rates in the design geometry. In
each map can be seen a core of high axial component
corresponding with the area between the blade wakes and the
boundary layer blockage both in the hub and the tip region. The
blockage due to the boundary layer in the tip region is bigger
than in the hub region. It can be observed that if the flow rate
decreases the wake gets wider, mainly in the tip region: the same
increment of the incidence angle implies a relative bigger
increase of the deflexion at the tip. Also, the wake leans
clockwise because as the distance between the trailing edge and
the measurement plane is longer at the tip than at the hub, when
the axial velocity decreases, the lapse between the arrival of the
hub flow and the tip flow to the measurement plane increases.

The maps corresponding to the tangential component for
the three flow rates in the design geometry are presented in
figure 10. As already mentioned when describing the radial
distributions in the exit plane, the higher values are concentrated
in the hub region due to the wider blade wakes, the hub
boundary layer and the higher loading imposed. When the flow
rate decreases, the value of this component increases both in the

Figure 7. Radial distribution of the dimensionless tangential
component

wakes and in the core. The increase of work, at least in the flow
rate range tested, is achieved by increasing the extent of the
higher values zone more than by increasing the maximum values.
Also, the core seems to shift towards the tip pressure side.

- Blade pitch influence

Figure 11 shows the maps corresponding to the axial
component for the optimum flow rates (maximum efficiency
point) in the three pitches tested. In this case, the blockage and
the blade wakes at the tip increase as the blade pitch decreases;
also, the core shifts towards the hub suction side. This can be
explained because of the higher relative reduction of the blade
channel at the tip with the pitch decrement. Besides, -what can
be seen even with an inviscid simulation (Ballesteros, 1992)- the
decrease of the pitch implies a movement backwards of the
maximum velocity on the suction side and thus a higher gradient
and the subsequent increase of the boundary layer thickness. As
previously mentioned, decreasing the pitch the wake leans
clockwise not only due to the lower flow rate of the different
optimum points but also because of the longer distances between
the trailing edge and the measurement plane.

The corresponding tangential components are shown in
figure 12. Again, the higher values are concentrated in the hub
region for the same reasons than before. When the blade pitch
decreases, the value of this component decreases everywhere.
The shift of the axial component core towards the hub, where the
higher tangential components are present, causes the difference
between the maximum and the minimum value to be reduced.
This reduction of gradients is also affected by the longer distance
between the trailing edge to the measurement plane when
decreasing the pitch; as stated by Lakshminarayana et al., 1982,
the decay rate of the tangential component defect is faster with
distance than the corresponding one of the axial component.
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4 CONCLUSIONS

An experimental research on an axial flow fan with
variable pitch has been carried out. The performance curves of
the fan have been obtained and the flow field has been measured
at the best efficiency point of each blade pitch tested and for a
lower and higher flow rate, in a fixed plane downstream the
rotor with a triple hot-wire probe. The radial and circumferential
distributions have been obtained, and maps of the velocity
components over a blade channel are shown for each operating
condition.

The tip blockage increases substantially from the inlet
to the exit rotor plane, especially with the blade pitch decrement.
Thus, the tangential component presents the free vortex design
distribution modified by this blockage.

At the tip, the wake width increases and leans
backwards when the flow rate or the pitch decreases.

The axial component core shifts towards the hub suction
side because of the higher relative reduction of the blade channel
at the tip with the pitch decrement. This shift towards the higher
tangential components zone smooths the difference between the
maximum and the minimum value of the tangential component.

For a fixed blade setting the differences of work with
the flow rate are achieved by the extent change of the higher
values zone of the tangential component more than by the change
of the maximum values.
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