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Parametric Study and Numerical
Analysis of the Regenerative
Compressor with Symmetric

Aerodynamic Blades for Improving
Performance

Jafar Nejadali’

1. Introduction

Regenerative flow compressors or blowers also
known as side channels are rotodynamic machines
with the ability to produce high heads at low flow
rates. They have performance curves with very
stable features.

Depending on the shape of the blades and the
cross section of the flow channel, there are
different structures for regenerative compressors.
One of the structures is the regenerative
compressor with aero-foil blades shown in
Figurel. Due to more regular flow rotation and
reduced losses, the regenerative compressor with
aero-foil blades performs better than other
regenerative turbomachines.

B2

e

B |

Aceofoil Blades

Path of Typical Fluid Parricle

Figure 1. Regenerative compressor with aero-foil blades

Despite all the advantages of regenerative
turbomachines, these machines usually have low
isothermal efficiencies (less than 50 percent). This
low efficiency is due to the numerous losses that
are directly related to the geometric shape and
operating principles of the machine. Therefore, the
study of the behavior of these machines to improve
performance and efficiency has been considered
by many researchers. In this paper, these
compressors are studied and analyzed using
computational fluid dynamics. The main purpose
of this study is to investigate the effect of changes
in the inlet and outlet angles of the blades, the
height of the blades and also the number of blades

on the performance and efficiency of the
compressor. For this purpose, symmetrical aero-
foil blades with the same inlet/output angles were
used.

2. Model description and numerical simulation
The computational domain, as shown in Figure 2,
is divided into two parts, including the flow
channel and the impeller. Each of these sections
was meshed separately.

-
-

Figure 2. Computational grid

Due to the complex flow pattern and the presence
of eddy current in the regenerative compressor, the
SST turbulence model was used to solve the
turbulence equations.

1.2

02 | Wn=10 e
0 Mn=123  ———-
0 02 04 06 08 1

Along the stream line

Figure 3. Pressure changes along the stream line drawn
from the center of the inlet surface

Figure 3 shows how the pressure changes along
a stream line (Figure 4). In all three curves, a slight
drop in fluid pressure at the inlet area is initially
observed. After this area, the fluid accelerates and
gradually the amount of fluid pressure increases.
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Figure 4: Stream line in the design flow coefficient

3. The results of parametric study

Effect of the height of the blades

Based on the numerical simulation results, as
shown in Figure 5, reducing the blade height
reduces the compressor pressure ratio. Efficiency
has also been reduced.
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Figure 5. Pressure ratio vs flow coefficient

Effect of changes in the inlet and outlet angles

Five blades were designed with angles of 20, 30,
40, 50 and 60 degrees and their effects on
compressor performance were studied using
numerical simulation of fluid flow. Figure 6 shows
a comparison of the pressure ratio curve in terms
of flow coefficient.

Figure 7 shows the changes in normalized
efficiency in terms of blade angles for the
compressor design point. Based on regression
analysis, the maximum of this curve is around an
angle of 46 degrees.
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Figure 6. Pressure ratio vs flow coefficient at different
blade angles
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Figure 7. Normalized efficiency vs blade angle at design
flow coefficient

The effect of the number of blades
To investigate the effect of the number of blades
(2), a dimensionless number was used so that the
results are independent of the size of the
compressor and can be generalized. This
dimensionless number is defined as the ratio of the
pitch of the blades to the chord of the blade.
Figure 8 shows the normalized efficiency
changes in terms of pitch -to-chord ratio at the
design flow coefficient. According to regression
analysis, the highest efficiency occurs for the pitch
-to-chord ratio of 0.36.
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Figure 8. Normalized efficiency vs pitch-to-chord ratio at
design flow coefficient

n/nmax

4. Conclusion

In this study, with the aim of improving the
efficiency, the performance of the regenerative
compressor with aero-foil blades was studied
numerically. The results of numerical simulations
showed that reducing the blade height reduces the
pressure ratio and also decreases the compressor
isothermal efficiency. Regression analysis showed
that the optimal angle for symmetrical
aerodynamic blades is 46°.

In order to investigate the effect of the number of
blades on the performance of the regenerative
compressor, a dimensionless number of pitch-to-
chord ratio was used so that the obtained results
could be archived. Based on the results of
numerical analysis and regression analysis, the
optimal value for which the value of efficiency is
maximized at the design point occurs in the pitch-
to-chord ratio of about 0.36.
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