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INTRODUCTION

Energy conservation is becoming the main thrust area in operating present day cement
plants. Fans consume approximately 35% of total energy requirements in a dry process
(calciner) cement plant.

Fans are one of lhe important equipment in the cement manufacluring process. Fans are
used right from the crushing stage lo the packing of cement, either for venting or for
controlling actual process. Use of the fans in a cement manufacturing process can be
summarised as balow

Area Application

Crushing For cleaning out the dusty vent air in the bag fillers

Grinding For venting out the dusty gases/air

Pyro-Processing For handling the exhaust gases, controlling the
operational parameters and supplying cooling air

Packing For cleaning the dusty vent air in the bag filters

Nuisance, Bag Filters For cleaning the dusty air In the bag filter

ILis important to select the most efficient fan for a particular application.
FANS

A lan is a machine for applying power to a gaseous fluid to increase its energy content.
This energy enables movement or flow of the gas against various degrees of resistance.
Fans, blowers, compressors, all move air but at greatly different pressures. Fan pressures
range is from few mmWG to about 3,000 mmWG. The fan is basically designed as a
volumetric machine which moves quantities of air or gas from one place to another. In
doing so, it overcomes resistance to flow. Physically, a fan has a bladed rotor (also called
impeller) and a stationary housing to collect the incoming air or gas and directs its flow.
The amount of energy required depends on the volume of gas moved, the resistance:
against which the fan works and the machine efficiency.

The flow of air or gas Is caused by the pressure differential created by the energy
transmitted to the gas by the rotating impeller. If no resistance to flow exists, as in the
case of a fan in free space with no inlet & oullet duct, the fan provides the gas with velocity
energy only and ne compression or retraction occurs. When either inlet or outlet duct is
added frictional resistance is imposed and partial compression occurs on the oullet side.

The extent of the resislance imposed at the discharge governs the quantity of gas
delivered by the tan. The greater volume is delivered under zero resistance or "Free
delivery” conditions. As the resistance to flow is increased, the volume is deécreased
progressively until at infinite resistance the velumetric dellvery is zero, cerresponding to
“blocked tight" or "static no delivery” condition.
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There are four types of installation which can be used with fans.

Type A Free inlet, Free outlet
Type B : Free inlet, Ducted outlet
Type C Ducted inlet, Free outlat
Type D Ducted inlet, Ducted putlet

When considering fan problems the energies imparted to the air are referred to in terms of
potential and kinetic energy.

Potential Energy - The air within the duct system connected to a fan will be at a difterent
pressure than the atmosphere outside the duct and will have a capacity, therefore, for
doing work by virtue of that difference In pressure |.e. will have potential energy.

Kinetic Energy — When the air is in motion and it will have energy, therefore, by virtue of
that maotion, i.e. it will have kinetic energy.

Total Energy - The total energy is the algebraic sum of the potentlal energy and kinetic
energies.

TYPES OF FAN

There are three basic types of fans :
Axial flow fans
Propeller fans
Centrifugal Fans

Axial Flow Fans : These flans comprise of impeller, or impellers with blades of
aerofoll cross section rotating in a eylindrical casing. The airflow
through the fans is virtually parallel to impeller shaft. The
straight through alrflow enables the fans to be inserted directly
lo straight ducting. The prominent factor influencing
performance is the design of blades and their aerofoll section,

Propeller Fans : These fans In general are used where there is no duct system
or too small ducting length and thus, resistance to flow is low.
They are extensively used for general ventilation purpose.
These fans have an impeller with two or more blades, usually of
sheet steel, set an angle to the hub, the propulsive effect of
blades varies according to the slope,

Centrifugal fans : These fans consists of impeller which rotates in a casing having
a spirally shaped contour. Air enters the impeller in an axial
direction and |s discharged at the periphery, impeller rotation
being towards casing outlet. The casing has an inlet on axis of
wheel and the oullet at right angles to it.

As Impeller rotates, the blades at its periphery throw off air centrifugally in a direction
following the rotation. The amount of work done on the air is evident in the pressure
development of the fans, depends primarily on angle of fans blades w.r.t. direction of
rotation at the periphery of impeller. The form of blades influence the force exerted on the
air and the proportion of energy imparted in the form of velocity.
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The centrifugal fans, depending upon the form of blades are categorised as:

Straight or paddle blade fans
Forward-curve blade fans
Backward-curve blade fans

Siraight or paddle blade fans: These fans are simple in construction, as flat straight radial
blades are mounted on arms extending radially from central hub. The fan impeller is
unshrouded and blades are fitted to the drive hub. Fans are suitable for moderate pressure
and have efficiency of low order. They absorb highest power at the paint of maximum
volume. Fans are ssif cleaning type as air stream does not cling to the blades and hence
suitable tor handling dust laden air or gases.

Forward curve blade fans: These fans have curved blades having the concave side facing
direction of rotation. The impeller of fans have shrouded blades with annular plates fitted at
each end of the blades, giving mechanical strength to the impeller and reducing leakages
between blades & casing. These fans are high volume flow fans as they have small radial
depth of blades allowing large inlet opening. They develop highest pressure for a given
impeller diameter and speed. Fans have higher efficiency than straight radial type of
centrifugal fans. The rise of power absorbed towards maximum volume is even more
marked as compared to straight radial blade fans. Fans have shallower blades, hence the
number of blades is more to have necessary influence on air during its passage through
impeller.

Backward curve blade fans: Fans have curved blades having convex side facing the
direction of rotation of fans. Fan blades are radially longer than forward curve type and
usually heavier, while impellers are strongly reinforced with stiffening rings & large section
shalls are required. They operate at higher tip speed than olher type of centrifugal fans.
Fans have highest efficiency among the centrifugal fans as they have improved air flow
through the biades by reducing shock and eddy losses. The air output for a given wheel
diameter is less than forward curve blade fans.

The different types of fan impellers are shown In figure 1.

SELECTION OF FANS

Fan seleclion is a procedure that begins with specification of requirements and ends with
the evaluation of alternative possibilities. Among number of fan which may be capable of
salislying a particular capacity pressure requirement, best selection is the one that does
job most economically.

In majority of the fan applications it Is nol necessary to design a completely new fan for
specific job requirements. The various standard designs are available In each of the
various aerodynamic type of fans, Therefore, fan selection is usually a matter of selection
of the best size and type from those avallable.

The fan pressure requirement for each capacity must be specified so that fan develops
enough pressure to accelerale air or gases from the velocity at entrance to that at the exit
af the syslem ;| to overcome any difference in pressure between entrance & exit and to
avercome the friction and shock losses encountered in the system. The sum of the total
pressure losses through the system should include an allowance for any elements required
lo connect the fan o the system.
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The general specifications required by the supplier, are given below:

Type of impeller

Size of cennecting duct and layout

Site elevation

Service condition

Capagity (m"/hr) at fan inlet - maximum and nominal

Fan pressure at each capacity - static pressure and total pressure
Gas analysis and humidity

Temperature — Operating and maximum (design)

Type of dust and concentration

Motor rating and its characteristics

Preferred arrangement - directly coupled, directly mounted, v-belt drive
Physical data - number of inlets, type of drive, direction of entry for inlet boxes, rotation
discharge, preferred fan speed and motor position
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FAN CHARACTERISTICS

Fan characleristics are inherent to the type and design of the individual fan and are
common lo fans of geometrically similar design. The statement of fan performance have
live basic characteristics established under standardised procedures:

Fan inlel volumetric flow rate
Pressure differential across fan
Fan speed

Fan motor power

Density of gas

® & & »

The typical plot of basic characteristic and performance curve of a fan is shown in figure 2.

The curve illustrates the basic qualitative form of static pressure and power input curves of
a given fan, when operating at fixed speed and gas densily, with progressive stages of
resistance to gas flow imposed.

The addilicnal secondary characteristics values derived from the basic characteristics,
uselul in selection and application of fan are:

« Slatic efficiency

Total efficiency

Tip speed

Outlet velocity

Total pressure ratio
Velocity pressure ratio
e Stalic pressure ratio

FAN LAWS

Three basic fan laws encompass all fan functions principally. Numerous corollaries laws
can be formulated for specific conditions but all originates from the three basic laws:

Fan speed variations (al constant [an size, constant system and constant density)

*  Volume flow a Fan speed
* Pressure o [Fan speed]
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