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2) Air flow can be varied to match air distribution system
requirements by simple adjustments to thefan drive or control
devices

3) Typically exhibit non-overloading characteristics except for
forward curved fan

4) Commonly used in applications which require higher
pressures

5) Air flow through a centrifugal fan cannot be reversed

6) Predominant choice for ducted applications because of their
quite operation and availability in thelow to medium pressure range
of HVAC applications

7) Frequently used in dirty airstreams (high moisture and
particulate content), in material handlingapplications, and in
systems at higher temperatures

8) Can be constructed to accommodate harsh operating
conditions

9) Fans for industrial ventilation typically operate against
pressures up to 22 in-wg; heavy-duty fanscan achieve 55 in-wg or
more

10) The largest fans may have impeller diameters of 200 inches
or more, and may handle more than100,000 CFM

11) Most versatile; their benefits include: Compact dimensions
Quiet in operation Ability to overcome high system resistance
Available in a wide range of sizes and motor speeds Can be tailored
to suit specific applications

The four basic types of centrifugal fans distinguished by the
angle of the impeller wheel blades.


__________________________________________________________________________________

Forward-curved fans

S ometimes called "squirrel cage" fans, have blades with leading
edge curved toward the direction of rotation.

1) Usually contain 24 to 64 impeller blades

2) Air leaves the impeller at velocities greater than the
impeller tip speed i.e. air tip velocity > wheelperipheral
velocity

3) Best suited for moving large volumes at low static pressures
for the same speed and wheel size
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6) Less prone to clogging and minimize contaminant build-up.
Especially suited for conveying dirtyairstreams and in material
handling applications

7) Because of their simple blade shape, these can be ruggedly
constructed with expensive alloys thatare strong and corrosion
resistant, or they can be less expensively constructed with
fiberglass-reinforced plastic or coated with a corrosion resistant
material. These are widely used in corrosiveapplications and in
high-temperature environments


__________________________________________________________________________________

Backward inclined & Backward Curved Fans

Backward curved fans have blades with leading edge curved or
inclined away from the direction of rotation.

1) Backward curved fans have about 6 to 16 blades

2) Backward inclined blade impellers produce air velocity slower
than blade tip speed, but requiregreater rotational speed than
forward curved types

3) These fans run faster and require heavier, well-balanced
construction. Larger shaft and bearingsizes are required for higher
speeds. Because of this, proper wheel balance is more
important.

4) Up to 75 - 80 percent efficient. The high operating
efficiencies available from this fan type canprovide low system
life-cycle costs

5) Normally used for high capacity, high pressure applications
where power savings may outweigh itshigher first cost

6) A common application for backward-inclined fans is
forced-draft service. In these applications, thefan is exposed to
the relatively clean airstream on the upstream side of the
process

7) Exhibit non-overloading power characteristics. The motor
brake horsepower increases with airflowfor most of the performance
curve but drops off at high airflow rates. Because of this
characteristic,this fan type is often selected when system behavior
at high airflow rates is uncertain

8) Backward inclined shape promotes low velocity air across the
blades and is susceptible tocontaminant build-up. Only recommended
for clean air streams containing no condensable fumes

or vapors.9) Centrifugal fans of the backward-inclined blade
design are of three general types: flat, curved and

airfoil. Flat blade types are more robust while the curved-blade
fans tend to be more efficient. Airfoil blades are the most
efficient of all, capable of achieving efficiencies exceeding 85
percent.

10) At the cost of more maintenance and some increase in
mechanical noise, the airfoil and backwardinclined fan types
generate lower sound levels overall.


__________________________________________________________________________________

Airfoil fans
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A variation of the backward inclined fan constructed of
aerodynamic hollow profile blade, which makesthese quieter and more
efficient.

1) Most efficient of all fan types and achieves the static
efficiency is around 86-92 percent

2) Have lower rotating mass due to thin wall blade construction,
which makes them aerodynamicallyefficient. However, this thin
walled characteristic makes this fan type highly susceptible to
erosionproblems

3) For the given duty, the airfoil impeller design will provide
for the highest speed of the centrifugal fandesigns

4) Airfoil fans have the highest initial cost and are suitable
for clean air applications only. Airfoil bladeis not recommended in
corrosive and/or erosive environment unless blades are suitable
coated.

In summary,

Backward Curve Forward CurveParameters

BC BI AF FC

Blades 6-16 6-16 6-16 24-64

MaximumEfficiency (%)

78 85 90 70

Speed High High High Low

Cost Medium Medium High Med-Low

StaticPressure

Very high High Very high

(40in-wg)

Low (5 in- wg)

Power Curve Non-overloading

Non-overloading Non-overloading Overloading

Housing Scroll Scroll Scroll Scroll


__________________________________________________________________________________

AXIAL FANS

Key Characteristics
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1) Axial fans, as the name implies, move air parallel to the
shaft, or axis, of the fan.

2) Axial-flow fans impart energy to the air by giving it a
twisting motion. The air is pressurized by theaerodynamic lift
generated by the fan blades, much like a propeller and an airplane
wing.

3) Typically provide large air volumes at relatively low
pressures.

4) Key advantages are compactness, low cost, and
lightweight.

5) Axial fans are frequently used in exhaust applications where
airborne particulate size is small, suchas dust streams, smoke, and
steam.

6) Less bulky than a centrifugal fan of comparable capacity and
have the advantage of straight-through airflow

7) Typically designed to generate flow in one direction but they
can operate in the reverse direction.This characteristic is useful
when a space may require contaminated air to be exhausted or
freshair to be supplied.

8) Axial fans must rotate faster than comparable centrifugal
fans to achieve the same airflow capacity.This characteristic makes
them noisier than comparable centrifugal fans. However, high noise
of axial fans tends to be dominated by high frequencies, which are
easier to attenuate.

9) Axial fans have a severe stall region that makes them
particularly unsuitable for systems withwidely varying operating
conditions

10) Axial fans have non-overloading power characteristic which
enables the correct motor horsepower to be used for any particular
fan or application without causing a burn-out due to overload

11) Are available in both direct drive and belt drive options;
belt drives offer an advantage by removingthe motor from the
airstream subjected to high level of contaminants otherwise for
harshapplications with direct drive, sealed motor should be
used.

As a general rule, axial fans are preferred for high volume, low
pressure, and non-ducted systems.There are three main types 1)
Propeller, 2) Tube axial and 3) Vane axial.


__________________________________________________________________________________

Propeller fans

1) Have two or more blades that generate very high airflow
volumes

2) Low static pressure up to in-wg

3) Can provide reversed air flow at reduced volumes and pressure
by reversing the direction of rotation

4) Exhibit overloading power characteristic i.e. the power
required to drive the impeller continues toincrease as the
resistance to airflow increases
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5) Very low efficiencies of approximately 50 percent or less

6) Light weight and inexpensive because of their simple
construction

7) Noise levels of the propeller fan are only slightly higher
than those of the tubeaxial and vaneaxialfans, but such of the
noise is at low frequencies and therefore is difficult to
attenuate.

8) Primary applications include low pressure, high volume air
moving applications such as air circulation within a space or
ventilation through a wall without attached ductwork.

9) Used for replacement air applications. Ideal for exhaust
applications and are often used in rooftopventilation applications.
Also used for make up or replacement air applications


__________________________________________________________________________________

Tubeaxial fans

Tubeaxial fans have a wheel inside a cylindrical housing, with
close clearance between blade andhousing. Generally, the numbers of
blades range from 4 to 8 with the hub normally less than 50
percentof fan tip diameter.

1) Capable of developing a more useful static pressure range (to
10 15in-wg)

2) Capable of delivering operating efficiencies up to 75
percent

3) The downstream profile is uneven with a large rotation
component. This airflow characteristic isaccompanied by moderate
airflow noise.

4) Suited for ducted applications where downstream velocity
profiles is not very critical

5) Most good design blades are aerofoil shaped

6) Can be either connected directly to a motor or driven through
a belt configuration. Because of thehigh operating speeds of 2-,
4-, and 6-pole motors, most tubeaxial fans use belt drives to
achievefan speeds below 1,100 revolutions per minute.

7) Adjustable blade pitch fans allow capacity control

8) Tubeaxial fan generates a somewhat higher noise level than
the vaneaxial fan; its spectrumcontains a very strong blade
frequency component.

9) Used in medium-pressure, high airflow rate applications and
are frequently used in exhaustapplications because they create
sufficient pressure to overcome duct losses and are relativelyspace
efficient. Also used in some industrial applications such as drying
ovens, paint spray booths,and fume exhaust systems.


__________________________________________________________________________________
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Vaneaxial Fans

Vane-axial fans are similar to tube-axial fans with guide vanes
on down streamside to improve flowprofile.

1) Typically have 5 to 20 aerofoil type blades with a large hub
diameter.

2) Very close blade tip to housing clearance

3) Blades are fixed or adjustable pitch types and the hub is
usually greater than 50 percent of the fantip diameter

4) Very efficient. When equipped with airfoil blades and built
with small clearances, they can achieveefficiencies up to 85
percent.

5) High-pressure capability up to 8 in-wg. Custom equipment is
capable of 20 -40 in-wg

6) Typically, vaneaxial fans have performance curves that have
unstable regions to the left of the peakpressure.

7) Typically used in medium- to high-pressure applications, such
as induced draft service for a boiler exhaust.

8) Like tubeaxial fans, vaneaxial fans tend to have a low
rotating mass, which allows them to achieve

operating speed relatively quickly. This characteristic is
useful in emergency ventilation applicationswhere quick air removal
or supply is required.

9) Vaneaxial fans generate somewhat higher noise levels than
centrifugal ventilating fans of comparable output.

10) Adjustable pitch blades allow capacity control

In summary

Parameters Propellers Tube Axial Vane axial

Blades 2 to 8 4 to 8 5 to 20

Maximum Efficiency(%)

50 75 85

Speed Medium High Very high

Cost Low Medium High

Static Pressure Low (up to in) Medium High (up to 8 in)
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Parameters Propellers Tube Axial Vane axial

Power Curve Non-overloading Non-overloading Non- overloading

Housing Annular ring Cylindrical Cylindrical with guidevanes
ondownstream side


__________________________________________________________________________________

SPECIAL FAN TYPES

Inline flow centrifugal fans

This type of fan has backward-curved blades and a special
housing that permits a space-savingstraight-line duct installation.
The wheel is very similar to that of the airfoil. Space
requirements aresimilar to a vane axial fan.

Key Characteristics

1) BC/BI impeller inside a tubular casing to produce flow inline
with wheel axis and duct

2) Also known as tubular centrifugal fans3) Absence of scroll
housing makes these fans compact

4) Small size fans have impeller mounted directly on motor and
placed inside a spun aluminum casingsplit in two halves

5) Typically used in low pressure return air or exhaust
applications


__________________________________________________________________________________

Power roof ventilators

The objective of these ventilators is to produce a high-volume
flow rate at low pressure. They can be of centrifugal fan type or
axial fan type.
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Key characteristics

1) Roof top mounted exhaust

2) BC/BI wheel or axial blade

3) Vertically mounted on motor shaft

4) Air discharged in a radial or axial direction

5) BC wheels quieter than axial blades

6) Now housing but a weather protection casing made of spun
aluminum or sheet fabrication


__________________________________________________________________________________

Plug / Plenum Fans

Like inline centrifugal fans, plug / plenum fans also use a BC
(or AF) impeller but without the tubular casing.

Key characteristics

1) Impeller / motor assemble placed inside a plenum which may
contain coils and filters in case of anair-handling unit

2) Air enters through a well designed circular inlet cone and
comes out of the impeller in a radialdirection

3) Because of the absence of scroll housing, efficiencies are
much lower than BC/BI fans

4) Lower initial cost makes them popular choice in clean room
applications


__________________________________________________________________________________
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Common Blower Types

Blowers can achieve much higher pressures than fans, as high as
20psi. They are also used to producenegative pressures for
industrial vacuum systems. Blowers look more like centrifugal pumps
than fans.The impeller is typically gear-driven and rotates as fast
as 15,000 rpm. In multi-stage blowers air isaccelerated as it
passes through each impeller, although larger single-stage blowers
can be moreefficient because the air does not have to take as many
turns.

1) Centrifugal blowers typically operate against pressures of 5
to 10psi, but can achieve higher pressures. One characteristic is
that airflow tends to drop drastically as system pressure
increases,which can be a disadvantage in material conveying systems
that depend on a steady air volume.Because of this, they are most
often used in applications that are not prone to clogging.

2) Positive-displacement blowers have rotors, which "trap" air
and push it through housing. A "helicalscrew blower" uses two
screw-shaped rotors. Positive-displacement blowers provide a
constantvolume of air even if the system pressure varies. They are
especially suitable for applications proneto clogging, since they
can produce enough pressure - typically up to 18psi - to blow
cloggedmaterials free. They turn much slower than centrifugal
blowers (e.g. 3,600 rpm), and are often beltdriven to facilitate
speed changes.


____________________________________________________________________________

FAN LAWS & CHARACTERISTICSThe most commonly used fan
characteristic is the relationship between pressure rise and volume
flowrate for a constant impeller speed (RPM). The air movement has
a pressure associated with it, which istermed as static pressure
(SP) and the velocity pressure (VP). The static pressure (SP) is
the usefulworking pressure available for overcoming the resistance
of a ventilating system and is exerted in alldirections at once
weather in motion or not. SP may be +ve or ve. Velocity pressure
(VP) is thepressure due to the speed of the air and is always +ve
and exerted in direction of flow. The totalpressure (TP) produced
by a fan is made up of the static pressure (SP) and the velocity
pressure.

Fan pressure rise characteristics are normally expressed in
either TP or SP, with static pressure beingthe unit most commonly
used in the United States. The fan volume flow rate is commonly
expressed incubic feet per minute, or CFM. Therefore, the system
pressure loss and volume flow rate requirementsare typically
expressed as a certain value of static pressure (SP) at some
CFM.

The fan "pressure-volume" curve is generated by connecting the
fan to a laboratory test chamber inaccordance with the very
specific test procedures outlined in the Air Movement and Control
Association(AMCA) Standard 210. The starting point is to measure
the airflow at zero pressure, sometimesreferred to as free inlet
& discharge or FID. The test rig is then adjusted to increase
the pressure thatthe fan has to work against and to measure the
airflow at each point. Data points are collected andplotted
graphically for a constant rpm, from a "no flow" block off
condition to a "full flow" or widecondition. Figure below
represents such a curve that is typical for a vaneaxial fan, and is
commonlyreferred to as a "static pressure" curve.
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In the curve above:

1) Point A represents the point of zero airflow. It is
frequently referred to as "block off," "shut off," "noflow," and
"static no delivery."

2) Point B depicts the stall region of the static pressure
curve. Operation in this area is discouragedbecause of erratic
airflow that generates excessive noise and vibration.

3) Point C depicts what is referred to as the peak of the static
pressure curve, and

4) Point D is the point of maximum airflow. Point D is also
referred to as "free delivery," "free air,""wide open performance,"
and "wide open volume."

Curve segment CD is often referred to as the right side of the
fan curve. This is the stable portion of thefan curve and is where
the fan is selected to operate. It then follows that curve segment
AC is the leftside of the fan curve and is considered to be the
unstable portion of the curve.

The fan static pressure curve is the basis for all airflow and
pressure calculations. For a given SP onthe static pressure curve,
there is a corresponding CFM at a given rpm. Point E on the curve
representsone such point on the fan curve. Simply locate some unit
of pressure on the left hand SP scale andproject a horizontal line
to the point of intersection on the static pressure curve. From the
point of intersection, project a vertical line to the bottom CFM
scale to establish the corresponding airflow at thatparticular
speed. In this example, a SP of three units results in a CFM of
4.71 units.

Note that point E is also known as the operating point (point of
operation or design point), whichcorresponds to the condition at
which the fan pressure rise (SP) / volumetric flow rate
(CFM)characteristic intersects at operating or design
condition.

Figure above is a vaneaxial curve with a pronounced dip (stall
region) that is also a typical curve shapefor high angle propeller
fans and forward curve centrifugal fans. In contrast, compare this
curve to figurebelow, which represents a typical curve for a
backward inclined centrifugal fan. This curve shape is
alsorepresentative of radial blade centrifugal fans.
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A typical curve for backward inclined centrifugal fan

Note the lack of a pronounced dip on this curve. Nevertheless,
the area left of peak is also a stall regionand selections in this
area should be avoided.


__________________________________________________________________________________

Brake Horse Power Curve

Having established a SP and airflow (CFM), an operating brake
horsepower (BHP) can be established.

By adding the BHP curve to the static pressure curve, the fan
performance curve is completed. Todetermine BHP simply extends
vertically the CFM point until it intersects the BHP curve. Draw
ahorizontal line from this point of intersection to the right to
the BHP scale to establish a BHP of 7.25units, which corresponds to
the previously established performance of 4.7 FM units at 3 SP
units.

Similarly, we can add the BHP curve to the static pressure curve
of the backward inclined centrifugalfan to complete that fan
performance curve.
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Even though the performance curves for the vaneaxial fan and the
centrifugal fan have completelydifferent shapes, the curves are
read in the same way. Locate some unit of pressure on the left
handSP scale (4 units) and project a horizontal line to the point
of intersection with the SP curve. Projectingdownward from this
point of intersection to the CFM scale, we establish airflow of
6.6units. Now projectvertically upward to intersect the BHP curve.
Project a horizontal line from this point to the BHP scaleand read
a BHP of 6.9 units.


__________________________________________________________________________________

Best Efficiency Point

Fan efficiency is the ratio of the power imparted to the
airstream to the power delivered by the motor.The power of the
airflow is the product of the pressure and the flow, corrected for
units consistency.The equation for total efficiency is:

Where

Total pressure is in inches of water

Airflow is in cubic feet per minute (CFM)

BHP is brake horsepower

An important aspect of a fan performance curve is the best
efficiency point (BEP), where a fan operatesmost cost-effectively
in terms of both energy efficiency and maintenance considerations.
Operating afan near its BEP improves its performance and reduces
wear, allowing longer intervals between repairs.Moving a fans
operating point away from its BEP increases bearing loads and
noise.

Another term for efficiency that is often used with fans is
static efficiency, which uses static pressureinstead of total
pressure in the above equation.

When evaluating fan performance, it is important to know which
efficiency term is being used.


__________________________________________________________________________________

FAN LAWS

Fan laws relate the performance characteristics of any
geometrically similar series of fans. CFM, RPM,SP and HP are all
related to each other in a known manner and when one changes, all
others change.The CFM variable is the most commonly changed
measurement in an air moving system therefore the


	
7/27/2019 HVAC FANS SELECTION PARAMETERS.pdf

15/59

www.PDHcenter.com PDH Course M213 www.PDHonline.org

Page 15 of 59

following example of Fan Law application is based on a change
from an existing CFM to a new CFM.The simplified form of the most
commonly used fan laws include.

The laws governing fan operation provide a useful tool for
determining requirements when changing thevolume capacity of a fan
is required for a given system. At a new fan rotational speed, the
newoperating point for a given fan can be determined from the fan
laws.

Example:

A fan installed in a fixed system is operating at 10000 CFM @
1.5-wg, running 1000 RPM using 5BHP. What RPM is required to move
25% more air (12500 CFM) through the system?

Solution

By rearranging the cfm fan law:

The corresponding static pressure is:

The resulting BHP is:

According to the fan laws, in order to use the original fan, the
speed must be increased from 1000 RPMto 1250 RPM; the motor must be
changed from a 5 HP to 10 HP.

Figure below illustrates fan curves for both the original and
new fan performance.
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Note that these laws apply only when all flow conditions are
similar. Increasing the speed of a fancauses changes in several
important parameters, which may invalidate the fan laws. Sometimes
a fan

system does not operate properly according to the design
conditions. The measured airflow in the fansystem may be deficient
or it may be delivering too much CFM. In either case, it is
necessary to either speed the fan up or slow it down to attain
design conditions. We can graphically present new SP curvesand BHP
curves under different control scenarios as shown below:

The fan control method is the means by which the fan/system
operating point is manipulated in order to

change the desired flow/pressure somewhere else in the system.
If you change the system resistance,the operating point will move
along the fan curve. Fans equipped with an outlet damper,
opposedbladed inlet box damper or a system damper are examples. If
you change the fan performancecapability, the operating point will
move along the established system resistance curve. By having
theability to adjust both the system and the fan performance, the
operating point can be moved to almostany desired position under
the fan curve. Controls which move the operating point along the
systemcurve include variable inlet vanes, parallel bladed inlet box
dampers, blade angle changes on axial fansand the many techniques
used to change fan speed. The speed changes represent an example of
fancontrol that can be accomplished through drive changes or a
variable speed motor. It is extremely
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important to know the individual performance characteristics for
each type of fan when working onefficient control strategies and/or
energy conservation.


__________________________________________________________________________________

FAN SELECTION

Fan selection is a complex process that starts with a basic
knowledge of system operating conditions:air properties (moisture
content, temperature, density, contaminant level, etc.), airflow
rate, pressure,and system layout. When selecting a fan, the
following information must be known.

1) Volume of air to be moved per unit time

2) Static pressure--the estimated system resistance and expected
variations

3) Space available for installing fans

4) Amount of noise permitted

5) Efficiency--select fan that will deliver required volume at
the expected static pressure with theminimum horsepower

6) Economic considerations

These conditions determine which type of fancentrifugal or
axialis required to meet service needs. After deciding which fan
type is appropriate, the right size must be determined. Fans are
usuallyselected on a best-fit basis rather than designed
specifically for a particular application. A fan ischosen from a
wide range of models based on its ability to meet the anticipated
demands of a system.For any one-performance point, there are many
different fans, which will satisfy that rating. However,based upon
any one set of priorities such as fan size, efficiency, motor size
etc., there is only one bestfan for that application.

As an example, for a single operating point of 60,000 CFM at 7.0
inches total pressure at a density of .075 lbs/ft 3 (70 degrees),
several different fans will satisfy that rating. The possible
selections aretabulated in the chart below taking into account
impeller size, operating speed, horsepower, relativeselling price
and recommended motor size.

Influence of fan size and type

60,000 CFM at 7" total pressure

Item Axial Radial Backward

Diameter 48" 66" 60" 54" 66" 60" 54"

Speed (rpm) 1750 603 685 816 630 729 870

Power (BHP) 81.4 91.0 95.0 103 77.1 77.1 80.0

Efficiency (%) 81.0 72.5 69.5 64.0 85.5 85.5 82.5

Cost Factor 1.0 2.5 2.1 2.0 2.6 2.2 2.1

Motor (hp) 100 100 125 125 100 100 100

Inferences


	
7/27/2019 HVAC FANS SELECTION PARAMETERS.pdf

18/59

www.PDHcenter.com PDH Course M213 www.PDHonline.org

Page 18 of 59

Depending upon which priority is chosen with regards to
acceptability, the optimum fan selection willchange.

1) Based upon selling price the 48 inch axial fan would be
selected. This fan is the cheapest of all, butthe high RPM
operation would increase the noise levels.

2) Based upon operating costs, the 48-inch axial or the 60 inch
backwardly inclined fan could beselected.

3) If there was dust in the airstream, the radial tipped fan
might be selected taking into accounterosion. Plus these fans
operate at low RPM; therefore the noise levels would be low.

4) The optimum fan to satisfy the future rating would be the
48-inch axial utilizing a blade anglechange since the centrifugals
would have to be increased in speed sixteen percent with
acorresponding horsepower increase of fifty-eight percent. The
motor for the 48-inch axial wouldsimply require better initial
insulation so as to handle the increased power.

5) Fan selection and rating point location: A very important
concept is the relationship between sizeand the rating point
location on the fan curve. The generic performance curve for the
threebackwardly curved fans from the chart is shown below. This
figure illustrates that the relativeposition of the rating point on
the fan curve changes with a change in fan size for a particular
rating.

As can be seen, the smaller the fan size used to satisfy a
rating, the faster it must run and the

farther it will be to the right on the fan curve. In general, it
will also be less efficient. It will be louder and wear out faster.
This concept is important when considering types of control and fan
stabilitywhen operation is near peak pressure.

Rating Point Location

Fan selection is based on the static pressure for a given volume
of air that needs to be moved. Theexample above provides clues for
fan selection at fixed CFM and pressure. In actual practice
thesystem pressure requirements are never exactly known. Take
another example, for three different fansthat are capable of
supplying about 10,000 CFM (cubic feet per minute) of air.

Fan Rating Table for three fans supplying about 10000 CFM

Item Fan #1 Fan # 2 Fan # 3

Diameter 30 36 54

Free air CFM 10200 11700 29100

1/8 SP 9200 10220 22300
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Fan Rating Table for three fans supplying about 10000 CFM

Item Fan #1 Fan # 2 Fan # 3

SP 7400 8690 14100

3/8 SP 4300 7560 10400

Fan RPM 640 650 385

Motor (hp) 3/4 1 2

Inferences

1) Fan # 1 delivers 10,200 CFM at conditions of free air. Free
air means there is no static pressure.However, at 1/8 SP, the air
flow rate drops to 9200 CFM and finally to 4300 CFM at 3/8 SP.

2) Fan # 2 supplies 10,200 CFM at 1/8 SP and drops to 7560 CFM
at 1/8 SP.

3) Fan # 3 delivers much more than 10,000 CFM at all static
pressures below 3/8 SP. Only at 3/8 SPdoes fan # 3 deliver 10,400
CFM.

For a desired airflow rate of 10000 CFM and the expected SP up
to 1/8, fan #2 is definitely the choiceas it operates close to the
best efficiency point. At 1/8 SP the fan #1 would not deliver
enough air andfan #3 would deliver too much air.


__________________________________________________________________________________

Fan System Design Considerations

It is important to address the following questions related to
system design:

1) What is the application and what is the fan supposed to
do?

2) How many systems are there and are they interdependent?

3) How many fans per system?

4) Where is the fan equipment located (inside, outside, next to
an office, on the ground or severalstories up in a building?) If
outside, what are the ambient conditions?

5) What space limitations exist? Is there adequate space for
maintenance and removal of parts?

6) What facility limitations exist in the form of weight,
electrical capability, noise or vibration?

7) What fan orientation is best suited for the application?

8) What fan arrangement is best suited for the application?

9) What are the airstream characteristics? Is fan required to
handle moisture, particulate or contaminants?

10) Is the environment corrosive, flammable or hazardous?

11) Are there any leakage requirements for the fan or
ductwork?

12) Are there any sound limitations including casing radiated or
duct breakout noise?

13) Are there any storage requirements? If so, how long and
under what conditions?
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14) The cost of electricity and any support functions
required?

Life cycle considerations

The overall effectiveness of the fan/system selection should be
evaluated taking each of the followinginto account:

1) Initial cost What is the purchase price and cost of
installation?

2) Operating cost What is the total cost per year to operate the
fan, accessories and any supportequipment?

3) Maintenance Is maintenance costly and frequent? And, is the
equipment accessible for ease of maintenance?

4) Frequency of repair and downtime What is the reliability of
the equipment and the cost of downtime?

5) Spare parts Are spare parts expensive and readily available?
Must an inventory of spare parts bemaintained?

6) System availability What percentage of time must the system
be operable? There may be therequirement to have a "stand-by
fan".

7) Expected life What is the expected life of the equipment
before it is to be replaced?
__________________________________________________________________________________

FACTORS AFFECTING FAN PERFORMANCE

Air Density (Temperature and Altitude)

Air density is a variable of elevation and temperature, and both
these variables affect fan air performance. Air density will affect
the total pressure that a fan can generate and the horsepower
required to move the air. Most fan performance is published at a
density based on air at 70F and atsea level. This is referred to as
"standard air", and is defined as clean, dry air with a density of
.075pounds per cubic foot, with the barometric pressure at sea
level of 29.92 inches of mercury and atemperature of 70F.

A fan operating at a higher elevation or temperature will move
the same volume of air as it will atstandard conditions; however it
will generate less total pressure and will require less horsepower.
Note that the volume of air is not affected by variations in air
density. In other words, if a fan will move3,000cfm at 70F it will
also move 3,000cfm at 250F. Since 250F air weighs only 34% of 70F
air, thefan will require less BHP but also create less pressure
than specified. Therefore, when selecting a fanto operate at a
non-standard density using standard air density tables and curves,
corrections must bemade to the parameters affected by air density.
These parameters are static pressure and brakehorsepower.

The following formulas and table give air density correction
factors for non-standard temperatures andelevations.

DCF = Density Correction Factor

T = Temperature (degrees F)

E = Elevation above sea level (feet)
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How to use this table:

Example: 10,000 CFM @ 2 SP @ 150F at an altitude of 7000 feet.
In this example the factor will be1.49 from table above.

1) STEP 1: Multiply the static pressure by the factor (2.5 x
1.49 = 3.725wg SP say select~4wg).

2) STEP 2: Select a fan from the following fan charts for the
new condition of 10,000 CFM @ 4wg SP.For example say the
appropriate selection from manufacturers catalogues narrows down to
a fandelivering 10,350 CFM at 4 SP when operating at 1217 RPM. The
BHP rating at this operatingpoint is 9.93 BHP.

3) STEP 3: Correct the horsepower and static pressure in Step 2
to non-standard performance bydividing the factor. (1) 4wg SP 1.49
= 2.68 SP (2) 9.93 BHP 1.49 = 6.66 BHP

4) STEP 4: Check for maximum safe speed from table below. At
150F, the safe speed factor is .98.The maximum safe speed for the
Class I fan is 1355 RPM x .98=1328 RPM. Our RPM selectedabove is
1217, which is therefore satisfactory.

Maximum Safe Speed Correction Factor

TEMP 0 70 100 150 175 200

RPM 1.00 1.00 1.00 0.98 0.945 0.91

Final performance is: 10,000 CFM @ 2.68 SP turning at 1217 RPM
using 6.66 BHP operating at 150Fat 7000 ft elevation. Note: Use of
special high altitude motor is recommended, if altitude exceeds
3300feet.


__________________________________________________________________________________

Example#2:

Let's look at another example using a specification for a fan to
operate at 400F at sea level. Thisexample will illustrate that the
fan must be selected to handle a much greater static pressure
thanspecified. A 20" centrifugal fan is required to deliver
5,000cfm at 3.0 inches static pressure. Elevation is0 (sea level).
Temperature is 400F.

Solution

1) Air volume delivered by the fan is not affected by density
and remains at 5000 CFM

2) Using the chart, the correction factor for 400F at sea level
is 1.62.
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3) Multiply the static pressure (3) by the altitude/temperature
correction factor (1.62) to find thestandard air density equivalent
static pressure (Corrected static pressure = 3.0 x 1.62 = 4.86.
Thefan must be selected for 5 of static pressure.)

4) Select the appropriate fan at 5000 CFM and 5 corrected SP.
Enter the performance chart and saythe RPM at the operating point
is 2056 and the BHP is 6.76. (Note: This now requires a Class II
fan.Before the correction was made it would have appeared to be a
Class I selection.)

What is the operating BHP at 400F?

Since the horsepower shown in the manufacturers catalogues refer
to standard air density, it must becorrected to reflect actual BHP
at the less dense conditions. Therefore, divide the BHP (6.76) by
thealtitude/temperature correction factor (1.62). The new operating
BHP is 4.17 BHP.

Important: We now know the operating BHP but what motor
horsepower should be specified for thisfan?

If a fan is selected to operate at high temperatures, the motor
must be of sufficient horsepower tohandle the increased load at any
lower operating temperature where the air is denser. Assume the air
entering the fan at start up is 70F; therefore no correction should
be made. The starting BHP remainsat 6.76 and a 7 HP motor is
required.

Note that the BHP corrections should be used only when the
starting and operating temperatures arethe same.


__________________________________________________________________________________

Fan System Effect

Imagine a fan selected with great care to provide exactly the
performance required in the specifications.Once installed, the air
balancer reports that air performance is considerably lower than
required. Whatwent wrong?

The answer is probably system effect.

The system effect is the change in system performance that
results from the interaction of systemcomponents. The Air Movement
and Control Association (AMCA) define system effect as a
pressureloss, which recognizes the effect of fan inlet
restrictions, fan outlet restrictions, or other conditions

influencing fan performance when installed in the system.
Typically, during the design process, thesystem curve is calculated
by adding the losses of each system component (dampers, ducts,
baffles,filters, tees, wyes, elbows, grills, louvers, etc). The
loss of pressure due to all of these sources, knownas the system
resistance, is for practical purposes proportional to the square of
the velocity at the pointof loss. As velocity varies directly as
volume, we can say that resistance varies as the square of
thevolume or for a fixed system, it may be said that the pressure
required to pass a given volume of air through the system will vary
as the (volume flow rate) , therefore, if it is required to double
the air flowthrough a system, the fan must be capable of providing
twice the volume flow rate at four times theoriginal pressure! AND
EIGHT TIMES THE FAN MOTOR POWER!

The governing equation for pressure loss across any particular
component is:

Where:

p = pressure loss in inches of water gage (in- wg)

C = loss coefficient for the component

V = velocity in feet per minute

= density of the airstream (0.075 pounds per cubic foot at
standard conditions)

The loss coefficient, C, is a dimensionless indicator of flow
resistance. The loss coefficient is based onuniform flow into and
out of the system components such as ducts, fittings, and
components, the values
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of which are typically listed in tables provided by
manufacturers. During the system design phase,designers calculate
system resistance curves based on the published loss coefficients
for eachcomponent. However, system configurations that promote
non-uniform flow conditions will create flowresistances that are
higher than anticipated, leading to under-performing systems.

The result of this equation is illustrated in system curve
below.


__________________________________________________________________________________

What are the penalties of system effect?

The penalty starts with fans selected at higher speeds to
compensate for additional losses. Higher speeds result in larger
motors, increased cost, reduced efficiencies, increased vibration,
and acousticaleffects. The severity depends on how inadequate the
fan to system connection is. For example, if 20%more air is
required, the fan speed will need to be increased 20%. The
resulting static pressure will be

44% higher and the BHP will be 73% higher than the original
values. New fan drives and a larger motor may be required.

Direct drive fans present a greater problem than belt drive
fans. In some cases, it's not possible to usethe existing fan
unless the installation can be modified to eliminate or reduce the
causes of systemeffect.


__________________________________________________________________________________

How to minimize system effects?

To solve deficient fan system performance problems, it helps to
have a clear understanding of fan andsystem curves plus knowledge
of how to apply the fan laws. To minimize system effects, air must
enter or leave a fan uniformly. However, in many cases space
constraints or other factors prohibit designersto allow for ideal
conditions. The following conditions cover the most common causes
of system effect.

Inlet Conditions

1) Elbows too close to fan inlet

2) Abrupt duct transition

3) Inlet spin due to duct design

4) Dampers not fully open

5) Damper locations
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6) Poorly designed guards

7) Inlet too close to walls or bulkhead

8) Inlet boxes

Outlet conditions

1) Elbows too close to fan outlet2) Abrupt transitions

3) Free discharge

4) Damper location

5) Weather hoods

6) Discharge guards

7) Discharge too close to wall or bulkhead

The system effect can be particularly problematic when the
airflow into or out of a fan is disrupted into ahighly non-uniform
pattern. Poor configuration of ductwork leading to or from a fan
can severelyinterfere with a fans ability to efficiently impart
energy to an airstream. For example, placing an elbow

close to the fan outlet can create a system effect that
decreases the delivered flow by up to 30 percent.This can require
an increase in fan speed, which in turn results in an increase in
power and a decreasein system efficiency. The figures below
illustrate the concept.


__________________________________________________________________________________

Roof Exhaust Fans

Figures below illustrate how roof exhausters are tested; AMCA
refers to Fig#1 setup as "Type A: Freeinlet, free outlet". Fig # 2
& 3 illustrate roof exhaust fan installations having system
effects. Fig # 3illustrates the worst case, because the damper is
located in a turbulent airstream. To improve oninstallations where
horizontal ducts are used directly under the roofline, turning
vanes should beinstalled in the elbows. In addition, a higher curb
or extended base should be used. Higher curbs resultin the elbow
being further from the damper and fan inlet.


__________________________________________________________________________________
Tube Axial Fans

Figures below illustrate how tube axial fans are tested. Fig #1
is typical of how tube axial fans aretested. AMCA refers to this
set-up as "Type B: Free inlet, ducted outlet." Fig # 2 illustrates
a good/poor installation with an elbow directly at the fan inlet.
The air entering the fan is forced to one side.

Fig # 3 illustrates good/poor installation with ducted fan
inlet.
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Installations with straight inlet ducts and inlet bells would
result in similar performance. Without adischarge duct, a system
effect will occur. Inline installations are subject to system
effect both at the faninlet and outlet. Figure below illustrates a
good/poor installation with discharge elbow directly at the
fanoutlet. Inline fans require the appropriate length of discharge
duct in order to achieve catalogedperformance.


__________________________________________________________________________________

Centrifugal Fans

Centrifugal fan installations are subject to the greatest
possibilities of system effect due to thepossibilities of ducted
inlets and outlets, plus multiple available arrangements, discharge
positions, andclockwise and counter-clockwise rotations. Fig # 1
illustrates how housed centrifugal fans are tested.

Fig # 1 is typical of how centrifugal fans are tested. AMCA
refers to this set up as "Type B: free inlet,ducted outlet." Fig #
2 illustrates a poor installation with an elbow directly at the fan
discharge. This typeof installation can be avoided by selecting a
fan with the correct rotation and discharge position asshown in Fig
# 3. Fig # 4 illustrates a poor installation with an abrupt
discharge into a plenum.

Figure 4 illustrates another poor installation with an abrupt
discharge into a plenum. A system effectresults if a given length
of discharge duct is not present.
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Fig # 5 illustrates installation with improper inlet conditions
with an elbow directly at the fan inlet. Fig # 5could be improved
by ensuring L > 3D (refer Fig # 6). If this is not possible, the
fan should be equippedwith a factory inlet box or alternately, a
flow straightener should be considered. Fig # 7 shows roundbaffles
incorporated in the duct as an alternate measure.


__________________________________________________________________________________

Fan Outlet Conditions

The illustrations above show only a few of the many installation
possibilities that can cause systemeffect. It is important to
realize that fan manufacturers can only guarantee the fan to
perform as tested.In the figures shown, not one of the fans is
tested with obstructions, such as elbows, guards or dampers,
directly at the fan inlet or outlet. These obstructions cause
additional losses that are notincluded in the fan manufacturer's
tests, and in many cases, are not included in the designers'
usualsystem resistance calculations. AMCA Publication 210 shows
four basic installation types. However,combining all the fan types,
fan arrangements, and manufacturer's choice of how to test, the
installationpossibilities are far too numerous to cover in this
course.

In summary, here are a few points to consider:
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1) At the design stage, don't try to save a few dollars per
square foot of space. The cost of theresulting poor installation
could be much greater.

2) Carefully design the system so it can operate as intended.
Personnel doing the installation andcheckout should also be
familiar with causes of system effect.

3) In correcting installations with system effect, changing the
ductwork should not be the lastconsideration. Remember the
penalties of system effect will remain for the life of the
project.

4) Use a straight duct length on the discharge of both inline
and centrifugal fans. In order to achieve auniform velocity
profile, a 100% effective duct length must be used. To calculate
the 100% effectivelength, use 2.5 duct diameters for 2500 FPM (or
less). Add one duct diameter for each additional1000 FPM.

5) In many cases an installation will end up having an
obstruction at the inlet or outlet (or both)causing system effect.
If these situations cannot be avoided at the design stage, the
system effectshould be estimated and added to the calculated system
resistance.

6) In general Roof exhaust fans are affected by the inlet
condition. Roof supply fans are affected by outlet conditions. Fan
types typically affected by both inlet and outlet conditions are
inline fans (both axial and

centrifugal) and housed single inlet centrifugal fans.


__________________________________________________________________________________

FAN CAPACITY CONTROLS

Most fans are sized to handle the largest expected peak design
condition. Because normal operatingconditions are often well below
these design conditions, air-moving equipment is often
oversized,operating below its most efficient point and creating
several types of problems. Among these problemsare high energy
costs, high system pressures and flow noise, and, in systems with
high particulatecontents, erosion of impeller and casing surfaces.
Consequently, the combination of extendedoperating times and the
tendency to oversize the air-moving equipment creates a need for
efficient flowcontrol. To accommodate demand changes, the volume of
air is adjusted by four principle methods:

1) Outlet dampers

Outlet or discharge air dampers are installed to add resistance
at the fan. . As dampers close, theyreduce the amount of flow and
increase pressure on their upstream side. By increasing
systemresistance, dampers force fans to operate against higher
backpressure, which reduces their output.

As a fan works against higher backpressure, its operating point
shifts to the left along itsperformance curve. Fans operating away
from their best efficiency points suffer increased operatingand
maintenance costs. Sizing of discharge air dampers should be done
with great care. There aremany rules-of-thumb, but the recommended
procedure is to size the discharge air dampers for awide open
pressure drop of from 7 to 10 percent of the system pressure.

Advantages: Damper control is a simple and low-cost means of
controlling airflow

Disadvantages: The penalty is high resistance and increased fan
horsepower.


__________________________________________________________________________________
2) Inlet vane control

Inlet vanes often referred to as pre-rotation vanes, cause the
air to swirl before it encounters the fanwheel. The fan wheel
cannot "grip" the air as well and consequently, capacity is reduced
moreefficiently than with discharge damper control. Excess pressure
is not created and wasted. The faninlet vanes are positioned by an
actuator in response to a signal received from the system
staticpressure receiver-controller.
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These pre-rotating swirls lessen the angle of attack between the
incoming air and the fan blades,which lowers the load on the fan
and reduces fan pressure and airflow. By changing the severity of
the inlet swirl, inlet vanes essentially change the fan curve.
Because they can reduce both deliveredairflow and fan load, inlet
vanes can improve fan efficiency. Inlet vanes are particularly
costeffective when the airflow demand varies between 80 and 100
percent of full flow; however, atlower airflow rates, inlet vanes
become less efficient.

Advantages: Because variable-pitch fans maintain their normal
operating speed, they avoidresonance problems that can be
problematic for certain fan types. Additionally,
variable-pitchblades can operate from a no-flow to a full-flow
condition without stall problems. During start-up, thefan blades
can be shifted to a low angle of attack, reducing the torque
required to accelerate the fanto normal operating speed.

Disadvantages: Disadvantages of this flow-control option include
potential fouling problemsbecause of contaminant accumulation in
the mechanical actuator that controls the blades. Also,because
motor efficiency and power factor degrade significantly at loads
below 50 percent of ratedcapacity, operating at low loads for long
periods may not provide efficiency advantages and canincur a low
power factor charge from the utility.


__________________________________________________________________________________

3) Variable Pitch Blades

Variable pitch axial-flow fans deliver an amount of air in
accordance with the pitch of the fan blades. As more or less air is
needed in the system, an actuator positions the pitch of the fan
bladesaccordingly. The positioning of the blades is similar to the
positioning of the inlet vanes. However,the fan is always spinning
while inlet vanes remain stationary. The degree to which the blades
arepitched determines how much air can be gripped and passed on
into the system Variable-pitchfans allow the fan blades to tilt,
changing the angle of attack between the incoming airflow and
theblade.


__________________________________________________________________________________

4) Fan speed control

Changing the rotational speed is the most efficient. The laws
governing fan operation provide auseful clue that power varies as
cube root of RPM or airflow. When fan speed decreases, thecurves
for fan performance and brake horsepower move toward the origin.
Fan efficiency shifts tothe left, providing an essential cost
advantage during periods of low system demand . Reducing fanspeed
can significantly reduce energy consumption. For example, according
to the fan laws,reducing fan rotational speed by 20 percent
decreases fan power by 50 percent.

If the volume requirement is constant, it can be achieved by
selecting appropriate pulley sizes. If the volume varies with the
process, multiple-speed fans or variable-speed drives (VSDs) can
beused. VSDs allow fan rotational speed adjustments over a
continuous range, avoiding the need to

jump from speed to speed as required by multiple-speed fans.

Many types of ASDs are available, including mechanical (eddy
current drives, variable-ratio pulley,and hydraulic drives), direct
current (DC motors), and electronic. Although mechanical drives
andDC motors have been applied extensively in industrial settings,
they are seldom used in commercialbuildings for economic or
technical reasons. The mechanical variable-ratio pulley is
applicable to

commercial buildings (from 5 to 125 horsepower), but space
requirements and mechanicalproblems usually make commercial
applications impractical. DC motors comprise a maturetechnology,
but they are expensive and have a reputation for high maintenance
costs. Theelectronic load-commutated inverter has also been used in
industry, but it is not an energy-conscious choice for commercial
buildings. Frequency operated adjustable speed drives commonlyknown
as variable frequency drives (VFDs) are most commonly used ASD,
largely because of their proven effectiveness in reducing energy
costs.
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Advantages of VFDs: Among the primary reasons for selecting VFDs
are improved flow control,ability to retrofit to existing motors,
their compact space advantages, and elimination of the
foulingproblems associated with mechanical control devices. The
benefits include: VFDs decrease energy losses and offer substantial
savings with respect to the cost-per-unit

volume of air moved.

VFDs eliminate the reliance on mechanical components, providing
an attractive operationaladvantage, especially in dirty airstreams.
VFDs decrease airflow noise during low system demand, they can
improve worker comfort.FDs

offer operating improvements by allowing higher fan operating
efficiency and by increasingsystem efficiency as well.

VFDs provide soft-start and allow the motor to be started with a
lower start-up current (usuallyabout 1.5 times the normal operating
current in contrast to 5 to 6 times higher than normaloperating
currents in case of normal motors). This reduces wear on the motor
windings and thecontroller. Soft starting a fan motor also provides
benefits to the electrical distribution systemreduces voltage sags
and wear on the motor windings.

Disadvantages of VFDs: VFDs are not appropriate for all
applications.

Decreasing the rotational speed of a fan too much often risks
unstable operation, especiallywith axial fans and some centrifugal
fans, such as backward inclined airfoil and forward-curvedtypes.
With these fans, careful review of the performance curves should
precede the selectionof a VFD.

Fans, like most rotating machinery, are susceptible to resonance
problems. Resonance is anoperating condition in which the natural
frequency of some component coincides with thefrequency set up by
the rotation. Fans are usually designed so that their normal
operatingspeeds are not near one of these resonant speeds. However,
decreasing the rotational speedof a fan increases the chances of
hitting a resonant speed. The effects of operating at
resonantspeeds can be damaging. Shafts, bearings, and foundations
are particularly susceptible toproblems with resonance.

When a fans rotational speed is reduced, the fan generates less
pressure, and some fans, likemany types of turbo-machinery, operate
poorly against shut-off conditions. If a VFD slows thefan, the
static pressure requirement may exceed the pressure generated by
the fan and noairflow will be generated.

In some VFD applications, power quality can also be a concern.
VFDs operate by varying thefrequency of the electric power supplied
to the motor. The solid-state switching thataccompanies inverter
operation can create voltage spikes that increase motor
windingtemperatures, accelerating the rate of insulation
degradation. To account for the added windingheat, conventional
motors usually must be de-rated by 5 to 10 percent when used with
VFDs. Aclassification of motors known as inverter-duty has been
developed to improve the matchingof VFDs to motors.

VFDs can also generate electrical noise that interferes with the
power quality of the supportingelectrical supply. These problems
are typically correctable with the installation of coils or
electrical filters.


__________________________________________________________________________________

Energy Comparison

Figure below shows the approximate power savings that can be
obtained by reducing air quantities for the four methods of
capacity control.

From power consumption standpoint, variable speed motors and
blade pitch control are the mostefficient. Inlet vanes save some
power, while discharge dampers throttling at the fan save little.
From a
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first-cost standpoint, dampers are the least costly. Inlet vanes
and blade pitch control follow, withvariable speed motors being the
most expensive.

Example of energy saving

The relative efficiencies of the flow control options is
illustrated below:
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Figure above shows a horsepower comparison of various methods of
fan control for typical fans. A 50percent reduction with an outlet
damper requires 80 percent of rated power; with a slower-speed
motor,only 25 percent of rated power is required. (Refer to the
speed control curve on the figure.) Therefore:

Annual Savings = (20 hp x 80% - 20 hp x 25%) x 6,000 hrs/yr x
$0.041/hp-hr

= $2,700

The reduction in fan output will result in operation of the
electric motor at less than rated capacity. If thehorsepower
required at the reduced flow is less than about one third of rated
horsepower, the potentialsavings for substitution of a smaller
motor should also be investigated.


__________________________________________________________________________________

FAN NOISE

Noise is generally considered low quality, unwanted sound. The
primary selection criterion for a fan isbased not on its acoustical
characteristics but on its ability to move the required amount of
air against

the required pressure. In addition, the fan must do so at a
reasonable initial cost (it also may berequired to handle
dust-laden air, to resist abrasion and/or corrosion, to have a type
of construction thatcan be repaired easily in the field, to
withstand high temperature, etc). Once these requirements havebeen
met, the type, size and speed of the fan are completely determined
then the noise characteristicsof the fan also are determined. In
most cases it is not practical to substitute a fan, which generates
lessnoise, since a quieter design of the same type probably will
not meet the other operating specificationfor the fan. Therefore,
sound power levels generated by a correctly selected fan must be
accepted asthe sound power levels to be used in acoustical design
calculations. There are three categories of fannoise viz:


	
7/27/2019 HVAC FANS SELECTION PARAMETERS.pdf

32/59

www.PDHcenter.com PDH Course M213 www.PDHonline.org

Page 32 of 59

1) Aerodynamic generated noise is characterized by a continuous
broadband frequency spectrum witha superimposed tone. The tone is
typically objectionable when it becomes 4-6dB louder than therest
of the spectrum. The tone can be the blade frequency, which is a
function of the fan type. It canbecome very objectionable when
system effects and various controls cause it to rise higher
thannormal. Additional causes include turbulence, high velocities,
and instabilities due to pulsation andsurge. The probable causes of
aerodynamically generated noise is blade frequency, system
effects,damper stall, surge, hunting, or turbulence, The noise
characteristics associated with aerodynamicnoise are pure tone,
whistles, rumble, pulsating, hiss or beating.

2) Mechanical noise due to rotation and has a different sound
quality and characteristic. It has ametallic sound caused by
metal-to-metal contact. This contact may be constant or
intermittent. Theprobable causes of mechanical noise loose fittings
or problems with bearings, sheaves, shaft or V-belts. The noise
characteristics associated with mechanical noise are rattling,
scraping, banging,screeching or clicking.

3) Electrically generated noise is a function of motors, relays,
controls or unbalanced line voltages intothe motor. Sometimes
improperly matched VFD and motors can cause a substantial increase
in themotor noise due to imperfect sine wave simulation. The noise
characteristics associated withelectrical noise are hum, whine or
chatter.

Broadly, fan noise is a function of fan design, volume flow rate
of air, total pressure, and efficiency.

After making a decision on the proper type of fan for a given
application, the best selection of a specificfan must be based on
efficiency. The most efficiently operating fan will also be the
quietest fan. Fannoise is an important consideration, particularly
when the fan is located near occupied space and isoperating against
a static pressure of 1 or greater. The following table provides a
quick method for considering the degree of quietness when selecting
a fan.

There are operating characteristics typical to various generic
fan types, which make them more or lesssuitable to variable volume
operation (having smaller or larger range on the fan curve with
relativeoperation efficiency). The shape of each curve gives some
indication of sensitivity to the system effects,such as inlet and
discharge conditions and potential noise. Each of the fan
illustrations in the figurebelow shows a) system resistance
intersecting the fan curve at maximum efficiency point
(quietoperation), b) system resistance intersecting the fan curve
in the region of rotating stall (low frequencyrumble) and c) system
resistance in the surge region (low frequency fluctuating noise).
On each of these fan curves, moving further out on the fan curve (
to the right of the maximum efficiency) alsoincreases noise levels,
but predominantly in mid and high frequencies and at blade passage
frequency,which varies with the rotational rate according to the
following equation:

BPF = (n/60) * N
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Where

BPF = blade passage frequency

n = fan wheel revolutions per minute (rpm)

N = number of impeller blades

Note that the blade passage frequency can be perceived as tone.
If it coincidently occurs within afrequency span of fan noise
spectrum that is prominent, it can emphasize the tonality of an
otherwiserelative smooth fan noise spectrum. Harmonics and
sub-harmonics are possible at the multiples of theblade passage
frequency, but at lower amplitude (sound level).


__________________________________________________________________________________

Noise Characteristics of Various Types of Fans

The noise characteristics of various types of fans are
reasonably predictable, and if the fans are welldesigned, the noise
characteristics are not significantly affected by minor changes in
the fan geometry.Low outlet air velocity does not necessarily
assure quiet operation. Noise comparisons of different typesof fans
on the basis of rotational speed alone may be erroneous. The only
valid basis for comparison of

different fan types is the actual sound power levels generated
by the fans when the fans are allproducing the required volume flow
rate of air at the specified static pressure.

Prediction of Fan Sound Power

The sound power generated by fan performing a given duty is best
obtained from manufacturer's testdata taken under approved (ASHRAE
Standard 68- 1986; also AMCA Standard 300-1986). However, if such
data are not readily available, the octave-band sound power levels
for various fans can beestimated by the procedure described
here.

Fan noise can be rated in terms of the specific sound power
level, defined as the sound power levelgenerated by a fan operating
at a specific capacity and pressure. The specific capacity chosen
is 1m 3/sand the pressure of 1 Pa. By reducing all fan noise data
to this common denomination, the specificsound power level serves
as a basis for direct comparison for the octave-band levels of
various fans.

Sound power levels at actual operating conditions can be
estimated by using the corresponding fanvolume flow rate and fan
pressure given by:

Lw = Kw + 10 log (Q / Q 1) + 20 log (P / P 1) + D

Where

Lw = estimated sound power level of fanKw = specific sound power
level (see table below)Q = flow rate, m 3/sQ1 = 1 m 3/s
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P = pressure drop, PaP 1 = 1 Pa andC = correction factor for
point of fan operation, dB

(Note - 1in-wg = 250 Pa and 1m 3/s = ~2117CFM)

Values of the estimated sound power level are calculated for all
eight bands, and the BFI (BladeFrequency Increment) is added to the
sound pressure level in the octaves band in which the bladespassage
frequency falls.

Specific Sound Power Levels of Typical Fans

Fan Type Octave Band

63 125 500 1K 2k 4K 8K BK BFI*

Centrifugal

AF,BC, or BI

Wheel diameter

Over 900 mm

Under 900 mm

Forward Curved

All wheel diameters

Radial Bladed

Low pressure

(1 to 2.5 kPa)

Medium pressure

(1.5 to 3.7 kPa)

High pressure

(3.7 to 15 kPa)

40

45

53

56

58

61

40

45

53

47

54

58

39

43

43

43

45

53

34

39

36

39

42

48

30

34

36

37

38

46

23

28

31

32

33

44

19

24

26

29

29

41

17

19

21

26

26

38

3

3

2

7

8

8

Axial Fans Vaneaxial

Hub ratio 0.3 to 0.4

Hub ratio 0.4 to 0.6

Hub ratio 0.6 to 0.8

49

49

53

43

43

52

43

46

51

48

43

51

47

41

49

45

36

47

38

30

43

34

28

40

6

6

6

Tubeaxial

Over 1000 mm

Wheel diameter

Under 1000 mm

Wheel diameter

51

48

48

46

47

51

47

49

58

49

53

56

47

52

55

46

51

52

39

43

46

37

40

42

7

7

5
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Propeller

General ventilation

*BFI = Blade frequency increment


__________________________________________________________________________________

Relative Noisiness

A feel of the relative noisiness of different types of fans can
be had from table below for a fan-delivering20000CFM of air against
a static pressure of 4in-wg. It is assumed that the wheel diameter
is within 900mm and the hub ratio is small 9 (about 0.3) It may be
noted that for this typical case, the centrifugalblower with
airfoil blades, or backward curved blades or backward inclined
blades, is likely to be thequietest, and the propeller type fan may
be the noisiest fan. In the axial types of fan, vaneaxial may
benoted to be the quietest as well as most efficient from the
aerodynamic point of view.

Comparative Sound Power Levels

Type of Fan Specific sound power level, K w Total

Power

Level

63 125 250 500 1k 2K 4K 8Khz Total Lw dB

Centrifugal AF,BC, or BI

Centrifugal, forward curved

Centrifugal, radial bladed

Vaneaxial

Tubeaxial

Propeller

45

53

56

49

48+7*

58+5*

45+3*

53

47+7*

43

47

51

43

43

43

43+6*

49

58

39

36+2*

39

48

53

56

34

36

37

47

52

55

28

31

32

45

51

52

24

26

29

38

43

46

19

21

26

34

40

42

51.1

56.3

58.3

53.8

59.2

62.8

121.1

126.3

128.3

123.8

129.2

132.8

*Octave Band of Blade Frequency Increment

If the project is a new piece of equipment, select a fan with
thick, wide blades and run the fan at lower speeds to reduce the
sound generated by the fan. Once a fan type has been selected and
major modifications to fan geometry are no longer possible, fan
speed is the most significant feature that canbe changed to reduce
generated sound.

If you have an existing piece of equipment, it is generally
useless to experiment with changes in the fanconfiguration. If the
changes reduce the noise level, they also will change the fan
performancecharacteristics so that they no longer meet the
specified conditions. If lower sound power levels arerequired than
are generated by well-designed fans, it is necessary to add
attenuation to the system.This may be provided by sound attenuators
(also called sound traps) installed as separate unit in thefield or
by sound attenuators installed as an integral part of the fan
assembly.


__________________________________________________________________________________

MULTIPLE FAN SYSTEMS- FAN IN SERIES & PARALLEL
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2) Establish the system requirements in terms of total pressure.
If they are known only in terms of static pressure, total pressure
values may be calculated by adding the velocity
pressurecorresponding to the velocity passing through the outlet of
the second stage fan to the system staticpressure requirements. The
combined total pressure across both fans will be the sum of
theindividual total pressure of each fan. Total pressures are used
instead of static pressure becausethe fans can actually be
different sizes and a change in fan or connecting duct areas has
aninfluence upon static pressure values.

3) If axial fans or inline fans are being considered, select
each fan for the flow rate required and one-half of the system
total pressure requirements.

4) If centrifugal fans are being considered, select each fan for
the flow rate required and one-half of the system total pressure
requirements plus an allowance for interconnecting ductwork
losses,typically one inch of total pressure.

It must be realized that the above selection process is
approximate in that the actual individualperformance of each fan is
not the same. Both fans will handle the same mass flow of air but
notvolumetric flow rate. This is the result of differences in the
inlet densities of each fan caused bydifferences in the inlet
absolute pressures and differences in the temperatures resulting
from thepossible heat of compression, process heating or cooling
through AHU coil or motor heating etc. by thefirst stage fan. The
greatest significance is that the rating process can be simplified
by making sure the

system requirements are in terms of total pressure and that the
fans are selected using total pressure.
__________________________________________________________________________________

Rating Fans in Parallel

Parallel configurations may be feasible for systems with wide
variations in air-moving requirements,which preclude a single fan
from consistently operating close to its best efficiency point
(BEP).Operating a fan away from its BEP can result in higher
operating and maintenance costs. Multiple fansplaced in parallel
allow units to be energized incrementally to meet the demands of
the system. In mostinstances fans in parallel will be in some form
of plenum application. Unlike fans in series when typicallyonly two
fans are involved, parallel fan applications may use multiple fans
and energizing or de-energizing individual fans can operate each
fan operated more efficiently. In this case the selectionprocess is
straightforward in that each fan will be selected for the same
static or total pressure with theflow rate being the total flow
divided by the number of fans. Use care when selecting fans in
parallel toensure that the system resistance remains on a stable
portion of the fan curve at all times. This isparticularly true
when the fans have a pronounced surge area or a dip in the fan
curve and some formof control is applied.

A good rule of thumb is to ensure that the operating point with
all fans running is no higher than thelowest pressure in the dip.
This minimizes the possibility that the fan will hunt back and
forth across thepeak of the curve looking for an operating point.
This policy also minimizes the likelihood that the fanswill
experience unequal loading causing differences in motor load or
creating unequal velocity profileswithin the plenum, which may
result in a system effect. To allow operation of individual fans in
amultiple fan arrangement, each fan must have a back-draft damper
installed to prevent recirculationthrough the fan when it is
idle.
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__________________________________________________________________________________

One Fan Operation in Multiple Fan Arrangement

All equipment will need periodic maintenance and repair. This
means that at least one fan is shut downwhile the others are
running. For fans in parallel equipped with isolation dampers, this
is generally noproblem. The motors of the fans left running must be
sized properly by taking into account the shapeand slope of the
horsepower curve further out to the right. With fewer fans running,
the system line willintersect the fan curve further out to the
right than with all the fans running. As an example, with a
vaneaxial fan the power may drop off but with a forward curved fan
the power will increase due to the

constantly rising horsepower characteristic.For close-coupled
fans in series, it is not advisable to run one fan with the other
off. Obviously, anisolation damper will stop the air entirely.
Without an isolation damper, the fan shut down will windmill,but
the pressure drop across it when added to the reduction in pressure
having only one fan running willlikely make the system useless.


__________________________________________________________________________________

Advantages of Multiple-Fan Arrangements

1) Lower Average Duct Pressure: The series-configurations fans
along different points in a systemminimize the average static
pressure in a duct. Because leakage in a duct system depends
largelyon the pressure difference between inside and outside the
system, reducing the maximum systempressure can minimize energy
losses attributable to system leaks.

2) Lower Noise Generation: Lower pressure requirements can
decrease the noise generated by fanoperation.

3) Redundancy: Failure of one unit does not force a system
shutdown. In a single-fan application, arepair task on that fan
requires a system shutdown. With a multiple-fan arrangement, one
can berepaired while the others serve the system. In some
facilities, fan failure can cause the interruptionof production
work. With redundant fan configurations, failure of one fan does
not necessarily causethe whole process to halt. Although total fan
output falls if one of the parallel units fails, the capacityof the
remaining fan or fans may be sufficient for limited production.
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4) Efficiency: Allowing each fan to operate close to its BEP can
provide substantial energy savings.In addition, a potential
advantage of multiple fans is a higher overall efficiency level.
Although larger motors tend to be more efficient than smaller ones,
operating smaller, higher-speed fans close totheir BEPs can often
achieve a net efficiency advantage over a single, low-speed
fan.

5) Structural and Electrical Constraints: Two smaller fans in
series may be more suitable in termsof structural and electrical
requirements than a single one. Large motors have large
startingcurrents that can affect the power supply to other parts of
the facility. This concern is particularlyacute if the service
requires the fan to energize and de-energize relatively often.
Frequent power surges that often accompany the start-up of large
motors can create power quality variations thatare problematic for
numeric controlled machinery and other sensitive equipment.

Also, the use of multiple fans in parallel may be necessary
because of space considerations. A singlefan with an impeller large
enough to move the proper amount of air may not fit into the
available spaceor may encounter structural constraints.


__________________________________________________________________________________

Check Points

When more than one fan is used in a system, whether in series or
parallel, the following questions mustbe answered.

1) What is the relative location of the rating point on each fan
curve under all operating conditions?Does the operating point
remain on a stable portion of the curve?

2) Does the location of the rating point allow the use of the
fan control desired and the range of flowdesired?

3) Taking into account the range of operation and numbers of
fans, do the motors satisfy the power required?

4) Are there properly designed isolation dampers or other
provisions in case some fans are shutdown? Are leakage requirements
satisfied?

5) Are the system requirements satisfied under all operating
conditions?

6) Are sound levels acceptable under all operating
conditions?


__________________________________________________________________________________
FAN CONSTRUCTION

Fans are constructed from many different materials, and like
everything else, there are pros and cons toany option.

1) Heavy solid-blade fans may experience extended starting times
due to the high inertia load that themotor must accelerate to
speed. It is not unusual to have electric motor overloads trip
fromextended starting times when applied on high inertia propeller
fans. With increasing marketpressures of energy conservation, fans
generally are applied with less of a safety factor betweenmotor
size and fan requirements.

2) Hollow construction fan blades offer thick airfoils that move
large volumes of air, yet the blades arelightweight and relatively
stiff.

3) Fiberglass construction provides corrosion resistance for
applications in chemically aggressiveenvironments.

4) In today's market, blades are being constructed from aluminum
alternatives. For example, manyheat exchangers and cooling towers
operating near the ocean now use aluminum fans.
Severalmanufacturers offer fan blades constructed of marine-grade
aluminum, which provides goodcorrosion resistance. For more
aggressive environments, special coatings can be applied toaluminum
blades, offering acceptable fan life at a lower initial cost
compared to fiberglass bladeconstruction.
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5) Wet cooling towers can have airborne water droplets that are
surprisingly abrasive to a fiberglassfan blade's leading edge. Most
molded blades have a parting line at the leading edge. This area
isespecially susceptible to erosion damage due to trimming material
that may be caught in the mold'sparting line during blade
fabrication.

6) Blades constructed with epoxy resins have more natural
erosion resistance than blades using vinylester or polyester
resins, but epoxy resins are less desirable to work with from a
manufacturingperspective. Make sure fiberglass fan blades with
vinyl ester or polyester resin materials have abarrier material -
either external or internal to the fan blade - to protect against
erosion at theleading edge.

7) A high operating temperature generally is not a limiting
factor for wet cooling towers, but it can be afactor for
induced-draft air-cooled heat exchangers and other equipment.
Fiberglass fan bladesbegin to experience reduced mechanical
properties at much lower temperatures than aluminum fanblades. A
recommended maximum temperature for fiberglass construction might
be 180F (82C)while aluminum blades can perform satisfactorily at
300F (149C). Be sure to consider themaximum temperature the fan can
experience when the process is operating but the fan is off.


__________________________________________________________________________________

Fan Construction for Explosive Environments

Fan applications may involve the handling of potentially
explosive or flammable particles, fumes or vapors. Such
applications require careful consideration of all system components
to insure the safehandling of such gas streams. The following
should be noted:

1) All parts of the fan in contact with the air or gas being
handled shall be made of nonferrousmaterial. Steps must also be
taken to assure that the impeller, bearings, and shaft are
adequatelyattached and/or restrained to prevent a lateral or axial
shift in these components.

2) The fan shall have a nonferrous impeller and nonferrous ring
about the opening through which theshaft passes. Ferrous hubs,
shafts, and hardware are allowed provided construction is such that
ashift of impeller or shaft will not permit two ferrous parts of
the fan to rub or strike. Steps must alsobe taken to assure the
impeller, bearings, and shaft are adequately attached and/or
restrained toprevent a lateral or axial shift in these
components.

3) The fan shall be so constructed that a shift of the impeller
or shaft will not permit two ferrous partsof the fa
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