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Abstract

The present study provides an energy-saving design method of axial flow fan used in air-conditioning system and
verifies its design results through comparison with test results. The present design method employs combined vortex
design concept in constructing three dimensional fan blades, and the performance analysis of designed fan is made by
the through-flow method with pressure loss and flow deviation distribution models along swept blade height. For the
verification of the present design method, a new fan model is designed and manufactured, and its performances are
predicted and compared with actual test results. The comparisons between the present prediction and the test results
show very good agreements in the aspects of static pressure, power and efficiency. Furthermore, the present design
method is shown to give less power consumption than conventional fan model.
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1. Introduction

Axial flow fans are widely used in low-pressure air handling systems such as air-conditioning,
ventilating or cooling equipment. However, because axial flow fans are turbo-machines consuming a lot
of electrical power energy in their applications, there are growing concerns on the fan design with less
power consumption in many fan manufacturers and users. In general, axial flow fan is composed of
multiple fan blades with three dimensional curved surfaces, and its performances are severely dependent
on the blade surface geometry. 3-D fan blade geometry design is made by combining cascade theory and
vortex design concept to determine blade element’s camber and thickness and to stack the blade elements
along blade span height.

Free vortex design concept has been widely used in fan design practice but has the fundamental
shortcomings of severe blade twisting causing fan performance deterioration [1]. For this reason,
combined vortex design concept is recently being applied for reducing blade twisting as well as
improving performance. However, in the fan design step with combined vortex design concept, it is very
difficult for fan designers to predict the effects of combined vortex design concept on fan performance
parameters, so they call for the reliable and simple performance prediction method of combined vortex
designed fan [2].

Therefore, in the present study, a computer program for fan design and performance prediction is
developed and introduced. The present computer program is composed of design and prediction parts. At
3-D fan blade geometry design step, the present method designs curved blade surface shape with the use
of combined vortex design concept, and at next fan performance prediction step, its analysis is conducted
by the through-flow method with pressure and deviation models. In order to verify the design reliability
and the prediction accuracy of the present method, the present method is applied to different fan design
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cases and its prediction results are compared with their test results.

2. Fan Design and Performance Prediction Methods

2.1. Fan design method

In constructing the blade geometry, the present method firstly determines blade angle distribution
along blade span height by using the following equations [2] as
tan '3 = M (1)
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where B, U, V, and V, represent blade angle, blade rotation speed, axial and tangential velocities of air.
Here, the equation (2) stands for combined vortex design if a and b are non-zero and free vortex design if
a is zero. In addition, V, and U can be deduced from the design flow capacity and the rotational frequency
as fan design requirements.

After the determinations of blade angles at each blade element using the equations (1) and (2), the
present method constructs the camber lines and the blade thickness distributions of blade elements, and
stacks the section designs of blade elements with the axis of the center of gravity along blade span height
to form 3-D curved fan blade surface [2].

2.2. Fan performance prediction method

Once fan blade geometry is determined, for fan performance prediction, the present method analyses
steady-state and axisymmetric fan flow field by the through-flow modeling on pitch-averaged and hub-to-
tip flow surface where several streamlines are set along blade span. The through-flow method is applied
to the streamlines and calculates flow field data such as flow velocity, flow angle and pressure at fan
blade outlet through solving equation (3) with Euler work equation, flow deviation and pressure loss
models. Detailed solution procedure of the through-flow method is described in Novak’s paper [3].
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where V,,, B and @ are meridional flow velocity, relative flow angle and streamline slope angle, and

subscripts 1 and 2 represent blade inlet and outlet.

As can be seen in equation (3), the through-flow analysis method requires flow deviation and pressure
loss models. The present study uses two empirical correlations for design- and off-design points as flow
deviation model, and categorizes total pressure loss into four components of blade profile, secondary flow,
end-wall boundary layer and tip clearance flow and then calculates their magnitudes by using the
corresponding empirical correlations and spanwise distribution model.

Flow deviation from blade outlet is assumed to be composed of the design(dqs) and the off-
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design(80off_4s) ones as follows:

4 Oeg + Ogtt s (5)

ﬂz = Kz,d des
where B,and k,4 are blade outlet flow and setting angles. Here, the flow deviation angles at design and
off-design points are calculated by McKenzie’s and modified Creveling’s correlations [1, 4].

The present pressure loss models are used to calculate overall total pressure loss coefficient (o) and
then actual the total pressure at blade outlet (poyactar) in €quations (6), which is required for determining
the entropy function, Q, in equation (4).

1
APyoss = Pozjdeal — Poz.actual = Pr Epl 12 (6)
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Here, the pressure loss coefficients for blade profile (wp), secondary flow (ws), end-wall boundary
layer (w,) and tip clearance flow(w.) in equation (7) are calculated by the empirical correlations of Koch
and Smith [5], Lee and Chung [6], Howell and Fujii [7].

3. Results and Discussions

In order to verify the design reliability and the prediction accuracy of the present method, the present
method is applied to the fan model by Hurault [8], which is designed with the tip diameter of 380 mm, the
hub-to-tip ratio of 0.46 and the RPM of 2700. Fig. 1 shows the comparison results between the present
prediction and the test results, which are in good agreements in the aspects of performance curves and
velocity distributions.
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Fig. 1. Performance curves and velocity distributions of Hurault’s fan model.

The present method is also applied to design a new fan model of the KoreaAmass Co., which is
designed with the tip diameter of 260 mm, the hub-to-tip ratio of 0.39 and the RPM of 1650. In addition,
the new KoreaAmass fan model is also designed with forced vortex design concept. The performance
prediction results by the present method are represented and compared with the test results of new and
existing fan models in Figs. 2-4. As can be seen in Fig. 2, the p-Q curve prediction by the present method
on new model agrees well with the test result, and the new fan model designed with combined vortex
design concept gives much higher static pressure than the existing one over entire range of flow capacity.
Fig. 3 shows good agreement between the prediction and the test results on the fan efficiency of new
model, and also represents that the new model designed with combined vortex design concept has
efficiency improvement by maximum 10% compared with the existing one. Fig. 4 shows the comparison
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results on fan power between the new and the existing models, and represent that the new model reduces
power consumption by maximum 10 W compared with the existing one.
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Fig. 2. P-Q curves of KoreaAmass’s new and existing fan models.
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Fig. 3. Efficiency curves of KoreaAmass’s new and existing fan models.
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Fig. 4. Power curves of KoreaAmass’s new and existing fan models.

4. Conclusions

The present study provides a method to design axial flow fan blade with combined vortex design
concept and to predict the performance of designed fan. Fan blade design is made by applying combined
vortex design concept to cascade theory, and fan performance prediction is conducted by using the
through-flow analysis method with flow deviation and pressure loss models. The fan performance
prediction results by the present method are well agreed with test results, so the present method is
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considered to be very suitable at actual design practice. In addition, the present study also shows that fan
model designed with combined vortex design concept can give much higher pressure and efficiency, and
lower power consumption than the existing ones. From these research results, the present design method
can be effectively used in energy-saving fan design practice.
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