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Abstract
The volute tongue is an important region affecting the
performance of a centrifugal blower. The profile of volute has
to be carefully designed to provide the flow of air with
maximum augmentation in static pressure rise at the expense
of kinetic energy. A CFD analysis is presented in this research
article to optimize the tongue radius of the volute casing of
centrifugal blower. Four numerical models with various
tongue radii have been analyzed and the results are compared
with the base model. It is found from the analysis that a tongue
radius ratio of 0.67 yields relatively a higher static pressure
rise at the exit flange of the volute casing as compared to that
for base model.
Keywords: Tongue radius, Numerical study, Volute Casing,
Blower.

INTRODUCTION
A centrifugal blower typically consists of an impeller, diffuser
and a spiral volute casing. The impeller blades rotate sucking
in the air which is passed into the diffuser, which guides the
air particles into the volute casing. There are various
geometric parameters which affect the performance of the
centrifugal blower.
Numerical analysis is extensively used now-a-days for the
design optimization of turbomachinery elements. This is due
to the possibility of whole field flow analysis that is possible
using customized CFD software. Pathak et al.[1] studied the
variation of pressure coefficient at the outlet with the flow
coefficient using numerical analysis. The CFD software code
ANSYS CFX was used to simulate the model. Flow analysis
was carried out using three dimensional Navier-Stokes
equations. Turbulence was simulated by turbulence model
available in the software. CFD results showed that the pressure
coefficient at the exit of fluid region was constantly reduced
with higher flow coefficient. Various models with different
geometry at axial and positions inside the volute were also
analyzed. Patel et al. [2] numerically analyzed the effect of

number of blade, inlet and outlet angle and diameter ratio of a
centrifugal blower. It was observed that with the increase in
number of blades, it reduced the flow passage and developed
more enlarged flow and resulted in improved the performance
of the centrifugal fan. Okauchi et al. [3] analyzed the effect of
volute tongue and passage configuration for a centrifugal
blower by experimentally testing four different volute
configurations. They studied the performance of the fan in
conjunction with four alternative volute designs. The
alternative volutes included a modified passage design and the
application of a rounded tongue leading edge at the recirculation port. The effect of these volute configurations on
the fan and volute performance was examined by the precise
measurement of flow at volute inlet and near the volute
tongue. It was found that the modified volute designs led to an
improvement in fan performance. Jayapragasan et al. [4] have
assessed the importance of blower geometry, angular speed
and fillet diameter at the entrance on the flow behavior of the
blower using CFD. The fan was modeled and analyzed
numerically. Minitab 16.0 was used and the responses of
variables have been figured out and the best values of the
variables were highlighted.
The variation of tongue radius has an effect on the
performance of the centrifugal blower. In this paper numerical
analysis was performed for on a centrifugal blower model by
varying the tongue radius and monitored the outlet static
pressure for a prescribed constant inlet velocity. The results
were studied and compared in detail.. Some components, such
as multi-leveled equations, graphics, and tables are not
prescribed, although the various table text styles are provided.
The formatter will need to create these components,
incorporating the applicable criteria that follow.
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METHODOLOGY

Figure 1: Centrifugal Blower Stage

A stage of centrifugal blower comprises of an inlet, an
impeller, a diffuser, and a volute casing (Fig. 1). Backward
sweeping bladed impeller having thirteen blades is used for the
study. The diffuser ring used has also thirteen forward swept
blades. The thickness of the blade is 5mm. The volute tongue
radius of 15mm is chosen as the base model. A three
dimensional flow computation is carried out to analyze the
performance. Sliding mesh configuration available in CFD
code is used to perform transient analysis. The complete
domain has 4074126 elements.
Meshes are generated for all the models with very fine grid
size at the blade surfaces for accurate results. Analyses were
conducted with smoother meshed models having various sizes
of control volumes to ensure grid independency. It was found
from the studies that static pressure variation was less than 2%
for the selected mesh density. Hence to minimize the time for
the analysis, element size adopted for various domains is as
shown in Table 1. The meshed computational region is as
shown in Fig 2.

Three-dimensional, URANS equations are solved by the CFD
code. To get flow stream characteristic plots of the blower,
outflow boundary condition is applied at the outlet and inlet
velocity is applied at the inlet. For matching various
configurations with variable tongue radius, an absolute
velocity of 5 m/s is given at the inlet as one of the boundary
conditions. No slip wall condition is imposed for the flow at
the wall boundaries of the blades and the casing. Standard
model is used to simulate the turbulence with a turbulence
intensity of 5% and a turbulent length scale of 0.42m. The
second order implicit velocity formulation and pressure based
solver is used. The pressure-velocity coupling is done using
SIMPLE algorithm and discretization is carried out using the
power law scheme. The time step Δt is set to 0.0001 seconds,
corresponding to the rotation of the impeller control volumes
by one degree for a rated speed of 1000 rpm to ensure stability
criterion. The maximum number of iterations for each time
step is set to 20 in order to minimize all maximum residuals to
a value below 1E−3.
Table 2 shows the models with various values of tongue radius
that are used in the present study. Configuration C is chosen as
the base model with volute tongue radius of 15mm. Hence, a
dimensionless parameter called radius ratio is defined to
identify various models.
Radius Ratio , RR 

Tongue Radius of the mod el
Tongue Radius of the base mod el

(1)

The mesh densities adopted for various configurations are
tabulated in Table 3. Fig. 3 represents Model A, with tongue
radius of 5mm with RR of 0.33. Fig. 4 denotes Model B, with
tongue radius of 10 mm with RR of 0.67. Fig. 5 depicts Model
D, with tongue radius of 30mm with RR of 2.0 and Fig. 6
shows Model E, with tongue radius of 60 mm with RR of 4.0.

Figure 3: Model A with RR = 0.33
Figure 2: Meshed Domain of Centrifugal Blower
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RESULTS AND DISCUSSIONS
The static pressure at the volute exit of the blower for various
configurations is tabulated in Table 4. It is found from the
analysis that the maximum static pressure of 252.09 Pa at the
outlet is achieved for Model B as compared to that of Model
C. The model D yielded a marginally lower static pressure as
compared to Model C. Further for Model A, static pressure
value is reduced considerably by about 5.95%. Increase in the
tongue radius ratio to 4.0 for Model E, the static pressure is
reduced to 242.32 Pa. Fig. 7 shows the graph of static pressure
for various configurations of RR.

Figure 4: Model A with RR = 0.67

It is observed that for a tongue radius ratio of 0.67, the flange
exit static pressure is higher when compared to the base model
because of ease of flow near the tongue region. For lower
tongue radius ratio of 0.33 the performance deteriorates as
there exists larger converging effect because of pinching. The
percentage deviation of Static Pressure at volute exit for
various tongue radius configurations is depicted in Fig. 8. It is
seen that the Model B yields about 1.2% higher static pressure
when compared to base model configuration.

Figure 5: Model D with RR = 2.0

Figure 7: Graph of Static Pressure at volute exit versus
tongue radius ratio

For higher tongue radius ratios the chances of forming the
zones of recirculation are higher, hence the performance losses
are observed to the highest extent thereby reducing static
pressure.

Figure 6: Model D with RR = 4.0
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Deviation of static pressure from base model (%)


2

0

For higher tongue radius ratios the chances of
forming the zones of recirculation are higher, hence
the performance losses are observed to the highest
extent thereby reducing static pressure rise.
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Figure 8: Graph of percentage deviation of Static Pressure at
volute exit for various tongue radius configurations

The contours of static pressure at the mid-section of the
centrifugal blower at the end of the third rotation for each case
are shown from Fig. 9 to Fig. 13. The path-line plots for
velocity at the mid-section of the centrifugal blower at the end
of the third rotation for each case are shown from Fig. 14 to
Fig. 18.

CONCLUSION
Volute tongue is the important portion in a centrifugal blower
to affect the performance. Following conclusions were made
after a complete study on volute tongue radius.


For a tongue radius ratio of 0.67, the static pressure
rise is higher as compared to the base model, because
of ease of flow near tongue region.



For lower tongue radius ratio of 0.33 the performance
deteriorates as there exists larger converging effect.

5370

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 15 (2017) pp. 5367-5373
© Research India Publications. http://www.ripublication.com
Table 1: Mesh size used for different regions (in meters) for Base model
Inlet region

Impeller

Diffuser

Volute casing

Impeller blades

Diffuser blades

volume

volume

volume

volume

surface

surface

0.008

0.004

0.005

0.01

0.001

0.0015

Table 2: Details of various configurations of tongue radius used
Radius (mm)

5 (Model A)

10 (Model B)

15 (Model C)

30 (Model D)

60 (Model E)

Radius Ratio(RR)

0.33

0.67

1.0(Base Model)

2.0

4.0

Table 3: Number of elements generated in the mesh for each model
Model

A

B

C

D

E

No. of Elements

4485334

4245362

4074126

4101387

4307411

Table 4: Average exit static pressure for various configurations
Radius Ratio (RR)

0.33

0.67

1.0

2.0

4.0

Static Pressure (Pa)

234.23

252.09

249.06

245.49

239.33

% Deviation from base model

- 5.95%

1.20%

0.00%

- 1.43 %

- 3.91%

Figure 9: Static Pressure Contour Plot for Configuration A

Figure 10: Static Pressure Contour Plot for Configuration B
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Figure 11: Static Pressure Contour Plot for Configuration C

Figure 12: Static Pressure Contour Plot for Configuration D

Figure 13: Static Pressure Contour Plot for Configuration E

Figure 14: Path-line Plot for Configuration A

Figure 15: Path-line Plot for Configuration B

Figure 16: Path-line Plot for Configuration C
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Figure 17: Path-line Plot for Configuration D

Figure 18: Path-line Plot for Configuration E
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