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ABSTRACT

The blower system consists of mainly three parts suction hood, impellor and volute which determine the characters
of the blower. It is very important to predict the air flow for a blower before its application. A study on the industrial
centrifugal blower is done to accurately predict the air flow and mass flow using Computational Fluid Dynamics
(CFD) tool. The detailed model of blower is created with the help of a 3D CAD Software and a 3D CFD Fluent code
is used to solve different governing equations and predict the flow at outlet of the blower. The numerical results
obtained with the help of CFD are compared with the characteristic curve supplied by the manufacturer.
Centrifugal blowers are used extensively in industries and heating, ventilation and air conditioning applications due
to their simplicity and low costs. The blowers are mainly used for air or gas handling, cooling and exhaust purpose.
This type of turbo machine has small chord line length, high width and blades that are joined together with shroud
and hub. Due to versatility of use of blower, a detailed research work is still needed in this direction.
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INTRODUCTION

Blowers are commonly used turbo machines which deliver air at a desired high velocity and mass flow rate
and moderate static pressure. The pressure rise across a blower is high comparative to fan and is of the order of
some millimetres of water gauge. The rise in static pressure across a blower is relatively higher and is more than
1000 mm of water gauge that is required to overcome the pressure losses of the gas during its flow through various
passages. [1] Figurel.1 shows the main components of centrifugal fan.

Types of blade and their application

There are many types of blower blades are used like forward curved, backward curved radial and airfoil. Selection
of blade is based on the application. Forward curved blades are small and curved forward in the direction of the
wheels rotation. These types of blower run at a relatively low speed to move the air. These types of blower are
primarily used for low pressure applications, ventilating and air conditioning such as domestic furnaces, central
station units and packaged air conditioning equipments.

Backward inclined blades are flat and lean away from the direction of the wheels rotation. This blower runs
at a relatively high speed to move a given amount of air. It is more efficient than the other types of fan. Such types
of blowers are general used for heating, ventilation and air conditioning systems. Used in many industrial
applications where the airfoil blade might be subjected to erosion from light dust. In the radial blade, wheel is like a
paddle wheel with or without side rims. The blades are perpendicular to the direction of the wheels rotation and the
blower runs at a relatively medium speed to move a given amount of air. It is used for high pressure industrial
requirements.
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Airfoil has the highest efficiency and runs at a slightly higher speed than the standard flat blade to move a
given amount of air. It is usually used in both larger HVAC (Heating ventilation and air conditioning) system and
clean air industrial applications where the energy savings are significant. It can be made with special construction
for dusty air. Radial blade is also designed for material handling or dirty or erosive applications and is more efficient
than the radial blade.

The design of blower blades constitutes the most significant feature of the blowers. The blade shape, which
is of aerofoil sections in the case of centrifugal blowers, plays an important role in the performance of the blowers
and blower efficiency is greatly dependent on the blade profile. Therefore, this task of improving energy efficiency
can be accomplished by reducing losses by reducing the flow recirculation and flow separation in the blowers by
using aerodynamically designed blower blades made of suitable material. To meet the mentioned task a suitable
aerofoil section is very much required.

Basic definitions associated with blower
Static Pressure:

It is the air pressure caused by its degree of compression. It can be positive or negative. In the blowerit is equivalent
to the difference between the static outlet pressure and the total inlet pressure.

Dynamic Pressure:

It is the pressure caused by movement of air. Dynamic pressure can only be positive. In the blower it is equivalent to
the average of the speeds at the outlet.

Total Pressure:

It is the air pressure caused by compression and movement. It is the algebraic addition of the dynamic and static
pressures at a certain point. Therefore, if the air is motionless, the total pressure equals the static pressure. In the fan,
it is the difference between the total pressures determined at its outlet and inlet.

LITERATURE REVIEW

Patil, Sunil R et al., focuses on the influence of the volatility of the tongue clearance on the performance of the
backward curved blades. The four types of centrifugal fan housings with different tongue diameters of 6%, 8%, 10%
and 12.5% of impeller diameter were used for numerical and experimental analyzes. The computational fluid
dynamics model was developed for numerical analysis based on the experimental configuration. The Navier-Stokes
equations averaged by Reynolds with the standard turbulence model k-¢ were discretized using finite volume
approximations. The numerical results were validated with the experimental results using 1S 4894-1987.
Performance parameters were calculated, such as the total pressure, efficiency and flow rate of the blower. The
results show that the distance of the volume gap has a significant impact on the performance of the centrifugal
blower and that these parameters increase when the tone of the volute decreases. [12]

Charapale, Utkarsh Diliprao, and Arun Tom Mathew et al.,suggest that the blower is one of the key components
in all industrial applications such as boilers, cooling systems, dryers, etc. Therefore, the performance and
characteristics of the blower affect the overall system and the efficiency of the work. The blower system consists
mainly of three parts: suction cup, impeller, and spiral, which determine the character of the blower. It is very
important to predict the airflow for a fan before use. The Industrial Centrifugal Blower is conducting a study to
accurately predict airflow and mass flow using Computational Fluid Dynamics (CFD) tool. The detailed blower
model is created using 3D CAD software and CFD code. Fluent 3D solves various control equations and predicts the
flow at the fan output. The numerical results obtained using CFD are compared with the characteristic provided by
the manufacturer. [13]
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Hering, Martin, Stefanie Wahl, and René Meise et al.,model the characteristic fan based on data from the
manufacturer, Application of the blower law laws for the representation of standard conditions, Replace volume
flow sensor, increasing the efficiency of solid oxide fuel cell systems. In this paper, characteristic fan card modeling
approaches are implemented in a solid oxide fuel cell system as a replacement for flow sensors that reduce pressure
drop and investment costs. Likelihood similarity laws and various regression modeling approaches based on detailed
manufacturer information are used to express volumetric flow as a function of measured fan speed, pressure, and
temperature. The indirect model-based volume flow calculation is compared to a direct volume flow measurement in
a test bench using an ambient air side channel blower. In fan modes with low to medium pressure differentials, a
high degree of correspondence between indirect and direct volumetric flow measurement is achieved, demonstrating
the high accuracy of the model. In addition, the superiority of the modeling approach is underlined by a lower
absolute margin of error and an average error margin of 55% and 66%, respectively. Replacing the air flow rate
sensor with a characteristic blower model modeling to determine airflow in a 10kW solid oxide fuel cell system
results in potential increases in electrical efficiency between 0.5% and 0.7% due to the reduction in pressure drop.
[14]

Hariharan, C., and M. Govardhan et al.,made an attempt to explore the energy-efficient scroll for industrial
blowers, Parallel wall volutes for aerodynamic and rectangular performance, The parallel wall spiral R 4.0 achieves
a higher efficiency of 6%, Parallel murals can be an efficient and effective alternative. This article proposes parallel
wall spirals as an alternative and energy efficient spiral to the rectangular spiral commonly used for an industrial
centrifugal fan. A detailed performance comparison is made between the parallel wall and the rectangular spiral for
four different aspect ratios. The analysis of performance in the scenario suggests that the volutes of the parallel wall
perform better in terms of specific workload and overall isentropic performance. By evaluating the performance of
the components, it has been found that the parallel wall spirals have a greater recovery of static pressure and less
loss for the entire operating range considered. The flow field shows that the parallel wall spiral has a more uniform
static pressure distribution at the entrance of the spiral compared to the rectangular spiral. A detailed analysis of the
aerodynamic performance shows that the overall performance of a centrifugal blower with a parallel wall spiral can
be improved by up to 6%. In addition, it is shown that the rectangular spiral can be replaced by a parallel wall spiral
without changing the base, the inlet, and the outlet channel. [15]

Lee, Young-Tae, and Hee-Chang Limet al.,have carried out an optimized design of a centrifugal fan with different
fan ribs, We investigate the effects of the internal components of the fan on the pressure fluctuations of the surface
pressure, measurements are carefully designed to achieve a reasonable trend, The calculations are consistent with the
experiment, The curved fins forward show the best performance. This study aims to develop an optimized design of
a centrifugal fan consisting of different fan ribs based on performance ratings after changes in the shape of its
internal components. Several components, such as the outer casings and the rotating fan ribs, which are arranged in
different operating conditions, are evaluated numerically and experimentally. Classification is based on performance
parameters, including an inlet and outlet pressure, flow, torque, and radial fan power. The numerical analysis
suggests that the combination of the multiple rotation frame method and the standard turbulence model for k- was
adequate for the simulation of internal flow characteristics and yield prediction. The numerical results were
compared with tests under carefully designed experimental conditions. Depending on the results and depending on
the output of the fan, the flow increased gradually to 7% more than the existing model. The results of the
experimental and numerical calculation were in good agreement, especially in the conditions of the initial limits to
atmospheric pressure. Among the four different wheels studied, the fan type was associated with forward-curved fan
fins of better performance, achieving a maximum flow of 2.2 m3 / min and a torque of 0.09 Nm. [16]

Xu, Chen, and Yijun Maoet al.,presents an experimental research on metallic foam to control the noise of a
centrifugal fan. Nine metal foam specimens with different cell types are used, ie open, semi-open and closed, to
compare their effects on the aerodynamic performance and noise level of the centrifugal fan. The experimental data
confirm that the open-cell metal foam is most effective in controlling fan noise, as it not only significantly
suppresses tonal noise, but also attenuates broadband noise. In addition, the geometric parameters of open-cell metal
foams, ie pores per inch and porosity, are investigated to investigate their effects on the aerodynamic performance
and noise level of the centrifugal fan. [17]

Baloni, Beena D., Yogesh Pathak, and S. A.et al.,Channiwala validated simulation model is chosen for the

optimization of the spiral according to the Taguchi method and the ANOVA, Experimental analyzes indicate that
the optimized spiral works better than the original. To the general view of the parameters. Reducing the percentage
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of change in the static pressure at the outlet of the impeller, minimizing the losses within the displacement and
maximizing the back pressure at the displacement output is a good selection of activities. In this method, the
numerical simulation of the 3-D flow in a one-stage centrifugal fan coil is carried out using the FLUENT software
for matrix experiments. These matrix experiments are proposed by the Minitab software. The simulation case is
carried out using flow, turbulence and energy equations with the SIMPLE print speed coupling. The experimental
performance of the optimized configuration is performed. The result shows better performance with an optimized
spiral. It is observed that an optimized centrifugal fan has 7.4% more efficiency.[18]

METHODOLOGY
System description & Flow diagram

The complete procedure of blower analysis. Task was initiated by generation of two dimensional blade profile by
using x and y coordinate. Generated profile is extruded up to the required width and in the next stage we mount it on
the impeller. Now casing assembly is done with impeller using concentricity command. We assign the material of
impeller as Aluminium. Solid modelling of centrifugal blower is completed at this stage. To fulfil the aforesaid
purpose ANSYS14.0 workbench is used in the configuration of 64 bit processor and 8 GB RAM. Geometry is now
being imported in the ANSYS FLUENT workbench. Now we define the boundary condition as pressure inlet,
velocity inlet and set z- coordinate as a rotational axis. Now update the geometry and initiate the solution. Obtained
result from CFD is compared with analytical solution.

Procedure

Complete procedure of blower analysis is given below.
1. Task was initiated by generation of two dimensional blade profile by using x and y coordinate.
2. Generated profile is extruded to the required width and in the next stage we mount it on the impeller.
3. Now casing assembly is done with impeller using concentricity command.

4. Assign the material of impeller as Aluminium. Solid modelling of centrifugal blower is completed at this
stage.

5. To fulfil the aforesaid purpose ANSYS14.0 workbench is used.

6. Geometry is now being imported in the ANSYS FLUENT workbench. Now we define the boundary
condition as pressure outlet, velocity inlet and set z- coordinate as a rotational axis.

7. Now update the geometry and initiate the solution. Obtained result from CFD is compared with analytical
solution.

8. Same procedure is being repeated for different blade angles.
Analysis process :-

1. CAD model : CAD model is first prepared in CREO 2.0 and is converted in IGES format to export it to
ANSYS CFX

2. The Computational Domain: The appropriate size and shape of the computational domain, also referred to
as control volume, and the best placement of the model in the domain, needs to be determined. A domain
too large will make the simulation unnecessarily large and waste computational resources, however a
domain too small will lower the accuracy of the results. The properties of the domain such as temperature,
pressure and fluid properties need to be chosen.

3. Boundary Conditions: The conditions at the boundary of the domain need to be set such as inlet velocities,
outlets and wall attributes.

4. Discretization of the Domain: Since CFD utilizes numerical solutions the domain needs to be discretised or
meshed as it is more commonly referred to. The mesh will have to be refined in areas with high gradients
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for example close to the surface around the aircraft model. Initial Values Initial values need to be set for all
the nodes in the domain.
5. Convergence Criteria: The Criteria for which the simulation can be regarded as converged needs to be

determined.

6. Post Processing: The simulation results will give the sums of the forces acting in each direction on the
model, or any chosen part of it. Through this, the drag coefficient CD can be obtained. The amount of lift
created by the wing will have to be taken into account in order to be able to calculate the induced drag.
Subtracting the induced drag from the total drag should give the zero lift drag.

RESULTS AND DISCUSSION

Centrifugal blower was successfully analysed numerically and computationally. Pressure distribution and head at exit
duct was calculated for different flow rate of air and compare with computational results. Table represent the pressure
head and mass flow rate with varying outside diameter of impeller for centrifugal blower.

5 : Pressure head | Percentage
Sr No. | Outside diameter Mass fII<OW rate in | Pressure head in in m using deviation
gls m CFD
1 350 0.12 1.58 1.76 12.82
2 400 0.24 4.93 5.46 10.75
3 450 0.36 7.42 7.95 7.14
4 500 0.48 9.89 10.41 5.25
5 550 0.60 11.95 12.39 3.66

It can be easily seen that with increase in mass flow rate pressure head continuous

as computationally.

Variation in pressure head with different blade angles

increases numerically as well

) . ) Pressure head | Percentage
Sr No. | Bladeanglesin | Mass flow rate in | Pressure head in in m using deviation
degree ka/s m CED

1 30 0.12 1.58 1.76 11.39
2 45 0.24 7.47 8.12 8.7

3 60 0.36 22.26 23.01 3.36
4 75 0.48 63.11 63.61 0.79
5 85 0.60 293.10 276 6.15

It can be easily seen that with increase in flow rate pressure head continuous goes to decreases numerically as well
as computationally. Finally it has to be found that in first case blade are investigated with variation in impeller
diameter and in second case investigation was completely focused on blade angles
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CONCLUSIONS

In this research work the effect of two different parameters hamely blade angle and impeller diameter of centrifugal
blower were investigated. The results obtained from CFD analysis and numerical approach are correlated
successfully. It was found that flow separation and recirculation can be clearly observed in the CFD analysis. The
blade profile plays a significant role to reduce flow separation occurs at trailing edge of the blower.

Ifthe blades of centrifugal blowers are properly inclined it can provide better performance to the blowers and help in
minimizing energy consumption. This analysis helps in proper selection of blower for variety of applications.

Pressure distribution was observed in terms of head and visualize in the centrifugal blower while considering the
optimizing parameter stated above. And compare the results, obtained from numerical approach. In this work we
have used two different centrifugal blowers and analyzed by K-epsilon model. Finally CFD tool is best suitable to
meet our demand.
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