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Abstract

This project outlines the areas that need to be considered during the design and development of centrifugal fans, and in
particular the effect of changes made in inlet diffuser. During this project a new design of diffuser has been developed for the
existing fans which offerthe following improvements over the existing: Increased efficiency and associated power, savings, Stress
analysis and bending moment. This Project describes various fan types available and their uses, Fan design concepts and their effect
of diffuser on performance, Evaluation of specific speed and performance coefficients: Flow Coefficient (Kq), Pressure Coefficient
(Kp), Power Coefficient (Kpw)
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1. Introduction

Fans are one of the types of turbo machinery which are used to move air continuously
with slight increase in static pressure. Fans are widely used in industrial and commercial
applications from shop ventilation to material handling, boiler applications, transporting gas
or materials and most use in the HVAC industry today. The performance of the centrifugal
fan is analyzed by its performance curves. The flow between the blades is always
complicated for understanding. The losses created like entry losses at impeller, impeller
losses, leakage loss and volute losses alwaysoccur in the centrifugal fan. Hence, by reducing
the losses of centrifugal fan, performance of centrifugal fan can be improved.The impeller

is the main moving part of a centrifugal fan, and the structural parameters of the impeller
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include the blade shape, blade profile, outlet width, number of blades, inlet and outlet

diameter, etc. An excellent impeller design is helpful to improve the aerodynamic

performance of the fan.

Different field industries use centrifugal fans for various reasons as mentioned above.
The centrifugal fan that is to be analyzed for power efficiency is from the application of
boiler and it is of bagasse fired boiler type. The fan utilized in this is to be made a prototype
and the performance incurred with the power is to be noted and a suitable suggestion of
power efficiency adjustments is to be provided on the basis of the data. One main
modification done to the centrifugal fan is the change of its inlet duct. Inlet duct plays some
vital role in power efficiency. It manages how the air/gas flow enters inside the centrifugal
fan. Centrifugal fan in the factory site consisted of straight profiled which produced a certain
efficiency relating to power output. This project focuses on the change of the inlet damper to
a smooth profiled cone and comparing the power efficiency with the latter straight profiled

inlet damper on the impeller blades.

Stefano Castegnaro [8 ] on the paper titled Aerodynamic Design of Low-Speed
Axial- Flow Fans: A Historical Overview presents a historical overview of the
developments of aerodynamic design methods for low-speed axial-flow fans. This historical
overview starts from the first fan applications, dating back to the 16th century, and arrives to
the modern times of computer-based design techniques, passing through the pioneering times
of aerodynamic theoriesand the times of designing before computers. The overview shows
that the major achievements in the axial fan design discipline have actually been related to
other technological fields, such as marine and aeronautical propulsion, as well as to the
development of wind tunnels. Yu- Taj and et.al. [ 10] have presented a method for
redesigning a centrifugal impeller and its inlet duct. The double-discharge volute casing is a
structural constraint and is maintained for its shape. The redesign effort was geared towards
meeting the design volute exit pressure while reducing the power required to operate the fan.
Given the high performance of the baseline impeller, the redesign adopted a high-fidelity
CFD-based computational approach capable of accounting for all aerodynamic losses. The
present effort utilized a numerical optimization with experiential steering techniques to
redesign the fan blades, inlet duct, and shroud of the impeller. The resulting flow path
modifications not only met the pressure requirement, but also reduced the fanpower by 8.8%

over the baseline. A refined CFD assessment of the impeller/volute coupling and
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the gap between the stationary duct and the rotating shroud revealed a reduction in efficiency

due to the volute and the gap. The calculations verified that the new impeller matches better
with theoriginal volute. Model-fan measured data was used to validate CFD predictions and
impeller design goals. The CFD results further demonstrate a Reynolds-number effect between

the model- and full-scale fans.

Hongchang Ding, Tao Chang, Fanyun Lin [2] takes centrifugal fan as the research
objectand establishes five impeller models with different blade outlet angles. By means of
computational fluid dynamics (CFD), the external characteristics of the centrifugal fan and
the internal characteristics, including the velocity, pressure, and turbulent energy
distribution, at the middle span plane of the impeller or fan were obtained and compared. In
addition, the pressure fluctuations surrounding the impeller outlet were also analyzed. The
results showed that the change of the blade outlet angle of the centrifugal fan had a great
influence on the performance; the total pressure and efficiency of the fan were the highest
when the outlet angle of the blade was increased to 29.5 under the design flow rate; and the
influence of the outlet angle on the fan performance was different in design conditions. On
the other hand, at different flow rates, the change of the internal flow field with the increase
of the outlet angle was different For the pressure fluctuation of the fan, by increasing the
blade outlet angle properly under high flow conditions, the fluctuation amplitude of the fan
at the blade frequency and its frequency multiplication could be reduced, which is
conducive to decreasing the impeller noise.Keyur K Patel [ 4] studied the performance of
the centrifugal fan by analyzing its performance curves. The flow between the blades is
always complicated for understanding. The losses created like entry losses at impeller,
impeller losses, leakage loss and volute losses always occur in the centrifugal fan. Hence, by

reducing the losses of centrifugal fan, performance of centrifugal fan has been improved.

Li et al. [5] studied the influence of blade shapes on the performance of high specific
speed centrifugal fans, and found that the blockage phenomenon at the blade outlet of
impeller with plate blade and the turbulent kinetic energy inside the volute were weakened
under the condition of a large flow rate, so that the performance of the fan with plate blade
was better than that of the airfoil blade. Wu et al. [9] compared the performance of a
centrifugal fan with different blade profiles, and found that the centrifugal fan with a

double-arc blade was higher in

IJNRDA001074 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/

© 2022 IJNRD | Volume 7, Issue 5 May 2022 | ISSN: 2456-4184 | JNRD.ORG

the efficiency and total pressure under the design condition, but the axial power consumed
by equal deceleration blade was smaller. However, under the condition that other parameters
of the fan remain unchanged, the internal flow of the fan with an equal deceleration blade
was more uniform under the condition of low flow.Jian et al. [3] found that when the blade
outlet width changed, various losses of the fan increased, and the efficiency decreased. With
the decrease of the blade outlet width, the flow-pressure curve of the fan shifted to the lower
left and the pressure decreased with the increase of the flow rate. This provides a reference
for the design of the outlet width of the impeller and the reconstruction of the impeller.Liu et
al. [6] found that theaerodynamic performance of the fan can be improved by increasing the

number of blades and thediameter of the blade outlet.

The optimized fan with a 12-blade number and increased blade outlet diameter was
better than the prototype fan in terms of the total pressure and efficiency. HEO et al. [14]
analyzed the aerodynamic characteristics of a centrifugal fan with additional splitter blades
in the impeller by using three-dimensional Reynolds-averaged Navier—Stokes (RANS). The
global Pareto optimal frontier for centrifugal fan design was obtained by using a hybrid

multi-objective evolutionary algorithm and response surface approximation model.
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2. Materials and Methods

The centrifugal fan uses the centrifugal power supplied from the rotation of impellers to
increase the Kinetic energy of air/gases. When the impellers rotate, the particles near the
impellers are thrown off from the impellers, then move into the fan casing. As a result, the
kinetic energy of air/gas is measured as pressure because of the system resistance offered by the
casing and duct. The air/gas is then guided to the exit via outlet ducts. After the air/gas is
thrown-off, the gas pressure in the middle region of the impellers decreases. The gas from the
impeller eye rushes in to normalize this. This cycle repeats and therefore the air/gas can be
continuously transferred.

A diagram called a velocity triangle helps us in determining the flow geometry at the

entry and exit of a blade.

A minimum number of data are required to draw a velocity triangle at a point on blade.

Some component of velocity varies at different point on the blade due to changes in the

direction of flow.

Hence an infinite number of velocity triangles are possible for a given blade.To describe

the flow using only two velocity triangles, we define mean values of velocity and their

direction.

Velocity triangle of any turbo machine has three components

U Blade velocity

Vr Relative Velocity

V Absolute velocity
These velocities are related by the triangle law of vector addition
V=U+Vr

This relatively simple equation is used frequently while drawing the
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velocity diagram. The velocity diagram for the forward, backward face blades shown

are drawn using this law. The angle o is the angle made by the absolute velocity with
the axial direction and angle B is the angle made by blade with respect to axial direction.

Prototvpa of Smooth Profilad Inlat Cone

3. Results and discussion
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Figure 3 9Velocity Triangle For
Forward Curved Impeller

Figure 3.10Velocity Tnangle
For Backward Curved Impeller
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Performance Curve
The performance of a fan in terms of pressure, volume flow and power absorbed depends on
a number of factors, the most important being;

. The design and type of fan

. The point of operation on the volume flow / pressure characteristic.
. The size of fan

. The speed of rotation of the impeller

. The condition of the air or gas passing through the fan

It is customary for a manufacturer to make a range of fans of varying sizes to a single
design, thus producing a series of geometrically similar fans. It is convenient to be able to
compute the performance of each fan from the minimum test data. The pressure/volume
flow relationship is not generally capable of being expressed as a simple mathematical
function. However, by considering any single point of operation on the characteristic curve,
it is possible to derive somesimple relationships known as fan laws.

Q =kq.da.ub.éc .ud (1)
P = kp.deuf.dg.uh (2)
Where ;

d = Impeller diameter

u = Impeller peripheral
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speedd = Air density

nu = Coefficient of
viscosity  kg= Flow
coefficient

kp= Pressure coefficient Equating the dimensions of equation (1) ;
[-1t—2 = ()(It-1)b(ml-3)c(ml-1t-1)d

=la+b+3c—dtb—dmc+d

Equating indices;
Therefore;

m:0=c+d
t:-1=-b-d
I:3=a+b-3c—-d

a=2-db=1-dc=-

d Equation 1)

becomes ;

Q = kq x d2—dul—d x 5—d x ud

Q = kq.d2.u.(dwbp)—d (3)

Equating the dimensions of equation
2)

mI3t—1 = (I)(It-1)f(ml-3)g(ml-1t—-1)h

=le+f—3g—ht—f—hmg+h

Equating indices ;
Therefore ;
m:l=g+ht: 2=-f-

hl:3=e+f-3g-h
e=-hf=2-hl=1-h

Equation (2) becomes ;
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P=kpxd—hxu2—hxdl—huh

P=kpxu2x§x(duwdpu)—h...... (4)

In equations (3) and (4), the term (dud/p) is seen to be of the same form as Reynolds
Number. Itmay be taken as the Reynolds Number of the fan (Re) based on the impeller
diameter and peripheral velocity and equations (3) and (4) becomes

;=kq xd2xux f1(Re)...... (5)

P=kpxu2x§xf2(Re)..... (6)

Where f1(Re) and f2(Re) are variable factors based on Reynolds Number. If the speed of
rotation of the impeller is n, then u = m x d x n and equation (5) and (6) can be written as ;

Q=kgxd3xnxfl(Re).............(7)

P=kpxd2xn2x§xf2(Re)....... (8)

In practice it is found that Reynolds number has little effect over quite wide ranges of
impeller diameters, speed and air density. The above equations are therefore normally
simplified as follows

Q=kqxd3xn.... (9
P=kpxd2xn2x56....... (10)
Pw =P xQ

Pw =kpw xd5xn3 x§

Where kpw is the Power coefficient. The coefficients kq, kp, kpw will be constant for a
range ofgeometrically similar fans, and for a particular point of operation on the pressure /
volume characteristic.

4. Conclusion

The main aim of this project was to select a fully functioning centrifugal fan at site and
to analyze the characteristics and to arrive with its power and its associated efficiency by using
means of prototype and hence suggesting suitable alterations to the design and developing
prototype for it also and likewise analyzing it. The result that was obtained from the suggested
design change was compared with the original product. The obtained result was satisfactory and
within the safe limits. For the same profile of impeller, casing and other components of
centrifugal fan and by only changing the inlet cone to a smooth profile, the efficiency is
improved from 72.3% to 74.3% i.e., approximately 2% efficiency improvement incentrifugal
fan characteristics.
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