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ABSTRACT: Blowers play an important role in air-conditioning, furnaces, low pressure cooling and dust or fume
extraction systems because they can achieve high pressures compared to fans. In this paper an industrial blower with
three different volute geometries is investigated by using Computational Fluid Dynamics (CFD). And then two new
volute geometries are modelled and analyzed based on the air flow through the blower. The numerical investigation
revealed that blowers with modified volute geometries have better outlet velocities. For this work, impeller is modelled
using Solid Works and meshed in ICEM CFD. The post processing is carried out using CFD POST. CFD simulations
are performed using the commercial CFD software package FLUENT.
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I. INTRODUCTION

Blower’s main aim is to deliver the gas or air with an appreciable rise in pressure to overcome resistance in the flow
and they can achieve high pressures than fans. Usually in many industries, blowers are used in dust extraction system.
These blowers suck the air from the inlet and discharge them through the outlets in order to clean the machines. They
also play an important role in air-conditioning, furnaces, low pressure cooling and dust or fume extraction systems. In
industries, the centrifugal and positive displacement type blowers are mostly used. Parts like impeller, volute geometry,
vane angle and vane type have an effect on performance of the blower

Volute is a passage located around the impeller which collects the flow from the impeller and delivers at the exit
duct. Volute geometry varies based on the need of discharge. General centrifugal blowers have bell-mouth volute
geometry. Volute geometry is one of the main performance parameter of a blower. In volute, tongue geometry and
radial distance between impeller and volute are general performance parameters. In this paper, work is aimed at
improvising the volute design of the blower to improvise the performance of an industrial blower.

II. LITERATURE REVIEW

Lot of research is done on areas like impeller design, volute geometry, vane angle and vane type and their effect on
the performance experimental and theoretical approach. Volute geometry is one of the main parameter influence the
efficiency of a blower. The volute geometry collects the flow from the impeller and delivers it to the exit duct. Poor
volute design leads to the redistribution of low energy fluid at impeller exit which influence the velocity and pressure
by blockage [1]. Impeller will be affected seriously due to the poor design of volute, as it leads to non-symmetrical
pressure distribution. Volute design not only affects the flow at impeller outlet, but also leads to substantial changes in
flow patterns inside the impeller passages [2]. Impeller and tongue interaction is also having an impact on centrifugal
blower. Volute tongue creates unsteady forces on the impeller blades and also responsible for flow obstruction and
noise generation. Centrifugal blower with different tongue geometries are analyzed numerically, and stated that
increasing the distance between the impeller and the volute tongue causes a more favorable aerodynamic force
distribution on the impeller which results less noise generation [4][13].

Centrifugal blowers generate noise and this noise can be divided in two ways as aerodynamically induced noise and
vibration-induced noise. Several research works were done on different types of impeller vane types focusing on
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problems like noise, vibration and air flow. By numerical and experimental approach it was found that blower with
backward impeller have more outlet velocities and flow rates compared with forward and radial impellers [7]. Lot of
research was also done on radial gap between impeller and volute and found that reduction of radial gap will raise the
pressure over the volute and causes more noise [8].

From the literature review, the importance of volute geometry in blower performance is studied. Hence in this study
an industrial blower with three different volute geometries with backward vane impeller was investigated numerically
by using the CFD method. The purpose of the present study is to investigate the effect of volute geometry on an
industrial blower. Based on the simulation results, air flow through different volute geometries was investigated and
analyzed.

[II. MODELING AND MESHING DETAILS

Blower design consists of an impeller, suction cover, volute and its casing. These models were designed in solid
works and ICEM. Impeller of Backward type and its vanes are designed in solid works and remaining parts are
designed in ICEM geometry. Blowers with three different volutes are given below in Fig. 1.

a) (®) ©

Figure 1: (a) Blower without volute, (b) Blower with Partition plate, (c) Blower with volute

After modeling blower with three different volutes, the parts are simplified using ICEM for sake of meshing. Two
fluid domains are modeled one around the impeller and other one in the casing. Impeller is defined as a solid domain.
The 3D CAD models are imported into ICEM CFD software for meshing.

The models are meshed using tetrahedral elements as they are easy to use for complex geometries as compared to
other type of elements. Parts like impeller and volute geometries are of prime importance and hence they are fine
meshed as compared to the other parts.

After successful grid generation, mesh independency test were carried out before moving onto the simulation and
found out that mass flow rate is found be same for 2 million and 3.5 million mesh count. So to reduce the
computational time mesh 2 million mesh count is selected.

Geometrical specifications for the blowers are tabulated below
Table: 1 Geometrical dimensions of the designed blowers

S.No Parameter Dimension

1 Impeller diameter 380mm

2 Inlet diameter 180mm

3 Outlet dimensions 250X78mm

4 Impeller rotational speed 383.27 rad/sec

5 Blower casing 550X550X106mm

6 Partition plate 313X106mm
dimensions

7 Volute diameter 440mm
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IV.COMPUTATIONAL APPROACH

Computational fluid dynamic (CFD) approach is an effective method to solve non-linear PDE equations in fluid flow
and heat transfer problems etc. In the present problem impeller has a rotating motion. To solve such problems fluent

incorporates moving reference frame.

The moving reference zone is a fluid domain created around the moving parts of a system. So impeller is assigned as
a moving reference frame and remaining parts are assigned as stationary walls. For the proposed work assumptions and

boundary conditions are tabulated below.

In present study for the turbulence model, SST k-® turbulence model is selected to solve the transport equations for
the kinematic turbulent viscosity used in the present calculations. It involves wall bounded flows and has been shown
to give good results for boundary layers subjected to adverse pressure gradients.

Table: 2 Assumptions and Boundary conditions

Materials
Turbulent model

Navier strokes
equation
Moving
reference frame
Inlet conditions
Outlet condition
Flow

Solver

Air and aluminum
k-omega Shear
model

Semi Implicit Method for Pressure Linked
Equation (SIMPLE)

Impeller

Stress Transport (SST)

Velocity inlet
Pressure outlet
Steady state flow
Pressure based solver

V. NUMERICAL RESULTS AND DISCUSSIONS

Once the solution gets converged the results are post processed using CFD POST. Various values like total pressure,
static pressure, velocity are obtained. Fig. 3-5 shows the velocity and pressure vectors obtained in different volute
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Figure: 4(a) Velocity vectors and 4(b) pressure vectors in blower with partition plate
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Figure: 5(a) Velocity vectors and 5(b) pressure vectors in blower with volute

From the above figures the air flow through different volute types is observed. And uneven pressure distribution is
found in all the blower models. Velocities and mass flow rates in different volute geometries are tabulated below.

Table: 3 Inlet and outlet velocities and mass flow rates

Blower type Inlet Outlet]  Outlet2  Inlet mass Outletl]  Outlet2
velocity  (m/s) (m/s) flow (kg/s) (kg/s)
(m/s) rate(kg/s)
Blower without 77.94 65.8 64.05 242 1.19 1.22
volute 67 54.48 56.19 2.08 1.03 1.05
Blower with 77.94 60.89 63.67 242 1.19 1.23
partition plate 67 52.5 54.7 2.08 1.03 1.05
Blower with volute 77.94 63.8 63.7 242 1.20 1.22
67 58.27 55.51 2.08 1.02 1.05

By observing the flow in blower with volute geometry it is found that air is getting obstructed between impeller and
volute tongue geometry. Further new volute geometries are designed to avoid the air obstruction in the blower by
modifying volute geometry parameters like radial distance between impeller and volute and tongue geometry.

By considering parameter like tongue geometry, different tongue geometries connecting outlet and volute is
designed. From the numerical results, the tongue geometry 90° with both outlet and volute gave better results.
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Figure:6 Volute geometry with changed tongue geometry
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Figure: 7(a) Velocity vectors and 7(b) pressure contours in changed tongue geometry

Considering the other parameters, the volute geometries with different radial distance is designed and is numerically
found that volute geometry with 10mm increased radial distance is having better outlet velocities.

Figure: 8 Volute geometry with increased radial gap
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Figure: 9(a) Velocity vectors and 9(b) pressure contours in volute geometry with increased radial gap

Table: 4 Velocities and mass flow rates in new volute designs

Blower type Inlet Outletl  Outlet  Inlet mass Outletl  Outlet2
velocity 2 flow rate
(m/s) (kg/s)
Volute with change in 77.94 65.5 67.8 242 1.19 1.23
tongue geometry
Volute with increase in ~ 77.94 73.5 76.7 242 1.20 1.21

radial distance

VI. CONCLUSION

In this study a steady state CFD simulation conducted on an industrial blower with three different volute

geometries (without volute, with partition plate, with volute) having same impeller type and vane angle was
investigated using computational fluid dynamics. From the numerical simulation air flow through different volute
geometries are studied. It was found that air gets obstructed between the tongue geometry and the impeller.

To overcome these problems volute parameters like radial distance between impeller and volute and tongue geometry

are modified. Different types of tongue geometries were designed and found that tongue geometry making 90° to the
outlet is giving better result compared to others. And other parameter like radial distance between volute and impeller
was also investigated and found that radial gap of 10mm between impeller and volute giving better result.
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