
FANS

Introduction

A fan is an important component that makes up a dust extraction
system in a wood processing plant. It generates the suction in the
system that draws dust through the hoods. If the fan is too small
the airflow will be too low. Fortunately, fan selection does not
always have to be perfectly accurate; fans have some built-in flex-
ibility since their capacity increases with higher fan speeds
although this also increases its power consumption. Speeding up
the fan is the standard remedy for systems with inadequate airflow.

The ducts before and after the fan can almost be considered
part of the fan itself. These ducts establish smooth airflow into and
out of the fan so the fan can do the maximum work of moving dust
laden air. Poor design of these ducts can lead to turbulence and
uneven flow patterns at the fan inlet and outlet, and the capacity of
fan will be lower than expected for the fan size and speed.

This paper will discuss briefly the fan commonly used for dust
extraction in the wood processing industry and fan selection crite-
ria. It should be useful both as a general background and when
selecting a new fan for a new or existing dust extraction system.

Fan types

A fan is a rotary bladed machine which continuously supplies
energy to the air passing through it. There are three main compo-
nents in a fan: the impeller, the means of driving it and the casing.

In order to cover a wide range of applications, fans are manu-
factured in a variety of types. They can be classified into five main
categories as given below;

(i) Centrifugal fan
(ii) Axial fan
(iii) Propeller fan
(iv) Mixed flow fan
(v) Cross flow fan

For a dust extraction system in woodworking plants, the most
commonly used fan is the radial centrifugal fan. In this type, the
impeller may have a conventional backplate and shroud or may be
of the paddle-bladed type with flat blades attached directly to a spi-
der hub. This latter type is particularly suitable for handling saw-
dust or wood refuse in the extraction system (Figure 1).

Figure 1. Radial centrifugal fan

Fan and system curves

Fan selection involves choosing the correct fan to match the suc-
tion requirements of the dust extraction system. The fan must
move the correct quantity of dust laden air against the resistance to
air-flow cause by friction and turbulence in the system. The rela-
tionship between flow rate and resistance for both the extraction
system and the fan can be plotted to help select the proper fan. The
plots are call ‘rating curves’.

Extraction system curve

The pressure loss or resistance to airflow through the extrac-
tion system is proportional to the square of air
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velocity or flow rate through the hood and ducts. There-
fore, to double the airflow rate, a pressure four times as
much is required from the fan. Once a system is designed,
and duct diameters and length chosen, the amount of static
pressure or suction that a fan must develop to extract differ-
ent quantities of air can be estimated. Figure 2 shows an
example of a system curve.

Figure 2. Extraction system curve

Fan curves

Normally three curves are used to describe the perform-
ance of a fan. They are the static pressure curve, brake
horsepower curve and fan efficiency curve. 

(i) Static pressure curve

The quantity of air that a fan will deliver at a given rota-
tion speed depends on the resistance it is working against.
As a general rule, the higher the resistance the less air a fan
will move. All values of fan output and the corresponding
static pressure for a given rotating speed can be plotted as a fan
static pressure rating curve (Figure 3a).

Fan static pressure is the amount of suction and positive
pressures that the fan adds to the extraction system. It is
equal to the sum of turbulent and friction losses minus the
velocity pressure of the air entering the fan inlet.

FSP = ISP
inlet

I + ISP outlet I - VP inlet

where FSP =  Fan static pressure (mm or inches of
water)
ISP

inlet & outlet
I = Absolute value of static

pressure at fan inlet and outlet
VP inlet =Velocity Pressure of air at fan inlet

(ii) Brake horsepower curve
The amount of electrical power required to spin the fan

depends on the fan’s output and the system resistance. It can
be plotted as the ‘brake horsepower curve’ on the fan dia-
gram (Figure 3b).This is the amount of
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Figure 3. Fan curves: (a) static pressure curve, (b) brake
horsepower curve and (c) static pressure and
brake horsepower curves along with fan effi-
ciency curve
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The fan tests are conducted in standardised airways,
which means that the test system is idealised, approximat-
ing to long straight ducts fixed with minimum changes of
cross-sectional area axially to the fan inlet or the fan outlet
or both.

Unless a fan is installed in a similar manner to the test
arrangement stated, reduced flow rate and efficiency may
result. Bends of any kind close to the fan inlet and outlet
should be avoided. Figure 6 gives soirne idea of the effect
of bend close to the inlet of a centrifugal fan.

Fan laws

These is a series of equations that govern the operation of a
fan. It helps one to modify a fan’s operation to match the
system requirement. However, it is important to not, that
these laws apply to the same point of operation o the fan rat-
ing curve. They cannot be used to predict othe points on the
fan’s curve.

These equations are as follows

Q2 = Q1* (N2/N1)

FSP 2 = FSP1* (N2/N1 ) 2

BHP2 = BHPI * (N2/N1) 3

Where Q = Airflow rate
N = Revolutions
FSP = Fan Static Pressure
BHP = Brake Horsepower
Subscripts 1 & 2 denote initial and final values

From the above equations, doubling the fan speed will
double the airflow rate and increase the fan static pressure
and brake horsepower by a factor of four and eight respec-
tively.

Selection of fan

Information needed for the selection of a fan for a dust
extraction system is the total volume flow rate and fan stat-
ic pressure to fulfil the system requirement. Other informa-
tion such as drive arrangement and intended mounting
arrangement or foundation will help to select the most
appropriate fan configuration.

Conclusion

Accurate calculation of the system’s total volume flow rate
and static pressure requirements and good ducting design
especially close to fan inlet and outlet are very important to
ensure good performance of the selected fan. Deficiencies
in performance of the extraction system are more often
caused by incorrect calculation of the static pressure
requirement and other faults in the system than by fan or
motor deficiencies.

Further reading

Industrial Ventilation - A Manual of Recommended
Practice. 22nd edition. American Conference of
Governmental Industrial Hygienists: Chapter 6.
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