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Introduction

A fan is a critical and the most energy consuming component of
a ventilation system. In today’s scenario of sustainable development,
energy efficiency has become the predominant criterion for selecting a
fan for a given application. A system designer specifies certain criteria
to be followed by the fan manufacturer to select the right fan, motor
and drive for the specified duty point. A review of these criteria and
specifications over the years has led the authors to believe there are
a lot of mis-conceptions about an HVAC fan and its operating behavior.
These misconceptions may have arisen historically due to unavailability
of good design fans and lack of certified fan performance data. Incorrect
specifications based on these misconceptions may lead to less-than-
optimal fan selection. This paper discusses many such misconceptions
and their implications for fan selection. Many examples are included for
illustration and ease of understanding. It is hoped that paper will help in
clearing up these mis-conceptions and lead to amended specifications
resulting in more judicious fan selections.

Most of the material in this paper has been taken from HVAC Fan
Guidebook, an ISHRAE Publication (1). This guidebook was written by
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Misconception about Fan Speed and Noise

It is commonly assumed that lower fan speeds will
necessarily result in reduced fan noise. This assumption is
incorrect and should not be used as a basis for fan speed
specifications. Fan noise is influenced by both speed and
size, and focusing solely on speed is misleading. Imposing
arbitrary speed limits (e.g., not exceeding 1000 rpm or 1500
rpm) can severely restrict the selection of suitable fans for a
given application.

Generally, smaller propellor and circular inline fans
selections come with 2800 rpm motor options; however,
many specifications demand not more than 1440 rpm motor.
Same applies to smaller backward curved and tube axial fans
in 250-450 mm size, which have to operate at more than
1440 rpm to achieve the design pressure levels in practical
applications.

Fan Law for Sound

The relationship between fan speed, size, and sound
power can be expressed by the approximate fan law for
sound:

Lw2 =Lw1 + 50 log (N2/N1) + 70 log (D2/D1) + 20 log (p2/p1)
Where

Lw - Fan sound power level (dBA)

D - Fan size in Impeller diameter D (m)

N - Fan speed in rpm

P — Air density
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Example 1
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Figure 1: Fan speed and noise

The above equation shows that fan sound is more
sensitive to fan size (D) than to fan speed (N).

For constant air density, the equation can be simplified as:
Lw2 = Lw1 + 50 log {(N2*D2)/(N1*D1)} + 20 log (D2/D1)

It can be interpreted from the above equation that
if speed is increased and at the same time the fan size is
decreased in inverse proportion maintain the same peripheral
speed (N2*D2 ), the sound power will decrease due to the last
term in the equation, having negative value. Therefore, speed
alone should not be the determining criterion for fan noise.

Figure 1 shows a screenshot of a selection window from
a fan selection program to select a fan to deliver 10,000
m3/h flow rate at a static pressure drop of 700 Pa. The best
selection can be inferred as the 500-size fan (Double Inlet BC
Fan BBD500) running at 1379 rpm and requiring minimum
shaft power at 2.7 kW. Please note that a larger, say 630, size
fan running at a slower speed of 1023 rpm not only is less
efficient, but is also slightly noisier.

Recommendation for Specification

For choosing between alternate fan selection options,
fan noise should be directly specified in terms of acceptable
sound power levels L, rather than indirectly through fan
speed limits. Manufacturers provide certified data on fan
performance, including noise levels, which should be used to
make informed decisions.

Specifying fan noise through sound pressure levels (LpA)
is not recommended. Both sound power and sound pressure
are specified in the units of decibel (dB) and that is why it is
important to understand the difference between the two.
Sound power is the rate of acoustic energy in Watts radiated
by the fan. It is independent of the location of the fan or
its surroundings. Sound pressure on the other hand is the
acoustic pressure in Pascals at a certain point in the vicinity
of the fan. Sound pressure is akin to the brightness due to
a light source at a point in space. Sound pressure depends
both on the distance from the fan and characteristics of the
surrounding environment e.g. in a room or on roof top etc.
Even though, Sound pressure is what we hear and can be
readily measured by a sound level meter, it should not be
used to compare the noise performance of fans due to its
dependency on the distance from the fan and its acoustic
enclosure.

Conclusion

Arbitrary fan speed specifications are ineffective and
potentially restrictive. Noise concerns should be addressed by
specifying acceptable sound power levels, utilizing certified
data from manufacturers, and ensuring safe operational
speeds. This approach allows for a more accurate and practical
selection of fans that meet the required noise criteria without
unnecessarily limiting the options available.
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TotalEff(%) Static Eff(%) RPM
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Figure 2: Fan outlet velocity and noise
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Misconception about Fan Outlet Velocity and Noise

It is often assumed that limiting the fan outlet velocity
(e.g., not exceeding 10 m/s) will lead to selections with
acceptable fan noise.

Imposing an arbitrary upper limit on outlet velocity
discriminates against smaller fans. Such limitations may lead
to the selection of oversized and suboptimal / inefficient
fans, which are not the best choice for the given application.
A smaller fan with higher outlet velocity in many cases may
produce lower noise.

Figure 2 shows a screenshot of a selection window from a
fan selection program to select a direct driven tube axial fan
to deliver 40,000 m*/h flow rate at a static pressure drop of 400
Pa. The best selection meeting the duty point requirement
(> 100%) can be inferred as the 1120mm size fan (Line 3)
running at 1450 rpm and requiring a shaft power at 8.837 kW.
This fan has an outlet velocity of 11.44 m/s and sound power
level of 109.15 dBA. Please note that a larger size fan, say 1250
(Line 2), with a lower outlet velocity of 9.35 m/s not only is
noisier (LwA = 110.47 dBA), but also much less efficient - shaft
power of 13.6 kW.

A disadvantage of higher outlet velocity is a reduction
in static efficiency. This however can be mitigated by use of
outlet diffusers. Properly designed outlet diffusers can reduce
outlet velocity and convert it into useful static pressure. Using
an outlet diffuser with a smaller fan might be more effective
than opting for a larger fan.
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Recommendation for Specification

Fan noise concerns should not be addressed indirectly
by specifying arbitrary limits on fan outlet velocity. They
should be managed by directly specifying acceptable sound
power levels. Manufacturers provide certified data on fan
performance, including noise levels, which should be used to
make informed decisions.

Conclusion

Arbitrary limits on fan outlet velocity are ineffective and
can lead to suboptimal fan choices. Concerns about noise
and efficiency should be addressed by directly specifying
acceptable sound power levels.

Misconception about Variable Frequency Drives and VFD
Driven Motors

It has been observed that fan selection specifications
limit VFD operated fan speeds to a maximum frequency of
50 Hz. Operation below 50 Hz is allowed but selection of fan
speeds requiring VFD frequency in excess of the rated 50 Hz is
discouraged. Technically and also practically, there is no basis
for this bias. There is also a misconception that not all motors
are VFD compatible.

In this regard, it is important to understand the
characteristics of the VFDs used for HVAC Fan applications
(Figure 3). Figure 3 shows how the torque and power output of
a VFD driven motor varies with output frequency.
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Figure 3: Typical VFD-driven motor characteristics (50 Hz motor)

Most a.c. VFDs are designed to maintain a constant
volts/hertz (V/f) relationship from 0 to the standard supply
frequency of 50 Hz. Above the 50 Hz threshold, the voltage
is held constant and the V/f ratio falls in inverse proportion
to the applied frequency. In the frequency range of 0 to 50
Hz, the constant V/f ratio results in a constant current and
constant torque characteristic. Since power is a product
of torque and speed (or frequency), the power output of
the motor rises linearly with the frequency in this range.
At the supply frequency of 50 Hz, the motor delivers the
rated voltage, current, torque, speed and power output. At
frequencies above 50 Hz, the motor maintains the constant
rated voltage and output power. However, since the V/f ratio
now falls in inverse proportion to frequency, the current and
torque also follow this path.

The power-frequency relationship of a VFD driven motor
forms the basis for determining the power rating of the motor
for a given fan duty point and not fan laws as commonly
believed. Let us illustrate this by an example.

Example 3

Select a VFD driven motor for the following fan duty
point:

Flow rate - 15000 m3/h, Static Pressure - 500 Pa, Shaft
Power - 3.3 kW, Fan Speed - 1130 rpm, Fan Type - Plug Fan -
630 mm size.

Option 1 — 4 pole motor (rated speed 1440 rpm)

The speed of this motor will have to be reduced to 1130 rpm
by reducing the frequency to 1130/1440*50 = 39.2 Hz. At
below 50 Hz, the motor will work in a constant torque mode
and motor power will be proportional to speed. So, to deliver
3.3 kW at 39.2 Hz, the corresponding motor output power at
50 Hz will have to be 3.3*50/39.2 = 4.2 kW. Thus we will need a
5.5 kW (the next standard size) 4 pole motor under this option
and the motor will run at a reduced frequency of 39.2 Hz.
Option 2 — 6 pole motor (rated speed 930 rpm)

The speed of this motor will have to be increased to 1130
rpm by increasing the frequency to 1130/930*50 = 60.8 Hz.

Above 50 Hz, the motor will work in a constant power mode.
So, to deliver 3.3 kW at 60.8 Hz, the required motor output
power at 50 Hz will be 3.3 kW only. Thus, we will need a 3.7 kW
(the next standard size) 6 pole motor under this option and
the motor will run at an increased frequency of 60.8 Hz.

Both motor options are feasible. Option 2 requiring
operation above 50 Hz is more energy efficient requiring a
smaller motor with possibly a lower first cost. However, the
choice may depend on the ready availability of a 6 pole motor
and its generally higher cost vis-a-vis a 4 pole motor of the
same size.

One point that must be kept in mind when opting for
operating frequencies above 50 Hz is the reduction in torque.
With a 20 to 25% increased frequency, motor torque may not
be an issue for fan applications, but at higher frequencies, the
corresponding torque reduction may become an issue.

Regarding the point about VFD compatible motors, it will
be fair to say that most modern standard IE2 and IE3 motors
are VFD compatible.

Conclusion

It is not advisable to limit VFD driven motos to operate
only at below 50 Hz frequency. The maximum permissible
speed of motors is generally much higher than their rated
speed. Allowing operation up to 60-65 Hz (20 to 30% increase)
is not only technically feasible, but energy efficient also.
Most modern standard 3 phase IE2 and IE3 motors are VFD
compatible and capable of operation at below or above 50 Hz
with a VFD.

Caution should be exercised when selecting motor rating
for below 50 Hz operation. In the event of a VFD failure, the
fan will run at 50 Hz and fan power will increase in proportion
to cube power of speed. The motor rating should be capable
of handling this excess load.

Misconceptions Related to Forward Curved Fans

It is commonly assumed that Backward Curved (BC) fans
are always more efficient than Forward Curved (FC) fans.
While this is generally true, there are exceptions, particularly
in low-pressure applications. In low-pressure applications, FC
fans can sometimes be more efficient than BC fans.

Example 4

Let us consider selection of a fan for an application
requiring 20,000 m*/h at 20 mm static pressure. Table 1 shows
a list of 3 fans meeting this requirement.
630mm FC fan
630mm BC Fan and
710mm BC fan.

It can be seen that a 630mm size FC fan consumes less
shaft power (at 1.88 kW) than a corresponding size BC fan
(2.11 kW). The reason for this is the relatively wider flow range
of FC fans compared to their BC counterparts and location of
peak efficiency point at a higher flow rate. Thus, while the FC
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Table 1: Selection of FC centrifugal fan for low pressure application
Velocity

Static

Sr. Flow Rate Fan Size

OQutlet Static Total

Pressure | Pressure Fan Type Velocity Efficiency | Efficiency
No.
(m3/h) (mm)
1 20000 20 4.6 FC Centrifugal 630 8.7 361 58 71 1.88 80
2 20000 20 4.6 BC Centrifugal 630 8.7 794 52 64 211 83
3 20000 20 2.9 BC Centrifugal 710 6.9 622 61 70 1.78 81

fan is operating near its peak efficiency (albeit lower than the
BC fan), the BC fan is operating at a lower efficiency, farther
away to the right of its peak point. The sound power level of
the FC fans is also lower by 3 dBA. The table also shows that a
larger 710mm size BC fan will be required to better the shaft
power of the 630mm FC fan.

Flexibility and Adaptability of FC Fans

FC fans can be manufactured in various widths to meet
different flow requirements without adversely affecting their
peak pressure capacity at a given speed. An approximate fan
law for size states that for the same speed and diameter, the
flow rate increases approximately in proportion to wheel
width. For example, a 160 mm diameter FC fan (typically used
in fan coil units) can be available in widths from 140 mm to
240 mm, to cater to a wide range of flow requirements.

This flexibility makes the FC fans a practical solution in
many applications, especially when there are space constraints.
A single wider FC fan can be a better and more compact choice
compared to two narrower width fans in parallel.

Conclusion

The assumption that BC fans are always more efficient
than FC fans is not universally valid, particularly in low-
pressure applications. FC fans can sometimes outperform BC
fans in terms of efficiency due to their wider flow range and
higher peak efficiency point at specific conditions. Therefore,
itis essential to consider the specific application requirements
and operating conditions when specifying a choice between
BC and FC fans. FC fans also offer flexibility in wheel width,
making them a viable and often more efficient solution in
certain low-pressure applications.

Misconceptions on Direct Driven Plug Fans

It is often assumed that direct drive plenum fans
are more efficient than belt-driven DIDW BC fans. On the
contrary, on majority of duty points, the efficiency of plug
fans is lower as compared to double inlet BC fans. The main
reason for this is the fact that a plug fan does not have a scroll

Table 2: Comparative overall performance of four types of supply fans

Fan Flow Static Fan Shaft .To.tal Sound
Model Rate | Pressure | Speed | Power | Efficiency | Power
m3/h Pa RPM kw % dBA
BC630 | 16000 500 965 2.92 80 80
PF710 | 16000 500 950 3.3 76 82
MF760 | 16000 500 1180 3.3 715 81
FC500 | 16000 500 730 3.68 68.2 83

casing, which performs a very crucial function of slowing the
air and converting the velocity pressure into useful static
pressure. Direct drive does enjoy the advantage of zero belt
transmission losses, but direct drive can also be deployed on
double inlet fans by use of shaft couplings.

Example 5

Let us first look at a typical supply application requiring
16000 m3/h of air supply at a static pressure drop of 500
Pascals. Four different types of fans are considered for this
application:

A 630 mm Belt Driven Double Inlet Backward Curved
Centrifugal Fan (BC630)

A 710 mm Direct Drive Plug Fan (PF710)

A 500 mm Belt Driven Double Inlet Forward Curved Centrifugal
Fan (FC500)

A 760 mm Mixed Flow Fan (MF760)

Figure 4 shows the comparative air performance curves
(Ps vs Q) of these four fans for the full operating range from
no flow to free flow. The speed for each of the 4 fans has
been selected to meet the operating point requirement of
16000 m?/h of flow rate and 500 Pa of static pressure drop.
The size and speed have been carefully selected to yield
optimum performance all in the vicinity of peak efficiency
and minimum shaft power.

The corresponding shaft power curves and total
efficiency curves are shown in Figure 5 and Figure 6. Table 2
provides a comparative summary of fan parameters at the
given duty point. The following observations can be made by
having a closer look at the three figures.

Of the four types considered, the BC fan is the most
efficient, followed by plug, mixed flow and FC centrifugal. The
efficiency of plug fan is lower for the reason cited above.

1000
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Figure 4; Comparative air performance of four types of supply fans
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Figure 5: Shaft power vs. flow rate of four types of supply fans

Even if we consider typical belt loss of say 10% with a
double inlet BC630 fan, it would still require less motor power
(2.92/0.9 = 3.24 kW) than that for the PF710 plug fan. Further,
as mentioned earlier, even the double inlet BC fan can be
directly driven.

For the same duty point, the size of a plenum fan is
always bigger than a double inlet BC centrifugal because the
plenum fan uses a single inlet wheel.

Conclusion

It should not be presumed that a direct driven fan will
always be more efficient than a belt driven fan, purely because
direct drive eliminates belt losses. What ultimately matters is
the total efficiency of the system - the fan, the transmission
and the motor. Belt driven BC fans may result in higher overall
efficiency than direct driven plug fans because of higher fan
efficiencies. Selection of direct driven plug fans for a given
application may be necessitated by considerations other than
efficiency e.g. space constraints, cost considerations etc.

Misconception about VFDs and System Pressure Drop

There is a common assumption that with a VFD installed,
precise estimation of system pressure drop is unnecessary
and can be compensated. This assumption is incorrect and
can lead to inefficiencies and operational issues.

While designing a fan system, an accurate estimation of
system pressure drop is traditionally missing. System pressure
drop calculation is a complex procedure and therefore there
is a tendency to use thumb rules. This often results in an
over-estimation of system pressure drop. And coupled with
an under-estimation of fan pressure capability, the overall
impact is an over statement of the required fan static pressure.

Example 6

Figure 7 illustrates the fan-system dynamics when the
system pressure drop has been overestimated and the actual
pressure drop is less than design. A double inlet BC fan has
been selected to provide a flow rate of 10000 m3/h at an
overestimated system static pressure drop of 62mm of WC
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Figure 6: Comparison of total efficiency of four types of supply fan

near the point of maximum static efficiency. This is indicated
by point 1. The actual pressure drop in the system is only
45mm at the specified flow rate (point 2). The actual system
curve passing through this point (shown by dotted blue line)
will intersect the fan curve at point 3, resulting in a higher-
than-design flow rate of 11300 m3/h (vertical red dotted line).
Figure 6 also shows that at the higher flow rate results in lower
static efficiency, higher shaft power and higher noise.

The only effective solution to this problem (post
installation) is a reduction in fan speed which can be achieved
either by adjusting the pulley ratio in belt driven fans or
reducing VFD frequency setting for direct driven fans. It must
also be noted that a reduction in speed to achieve the design
flow will not improve fan efficiency, so the fan will still run at
less than optimum efficiency.

If the system static was accurately estimated in the
first place, a possibly smaller size fan selected near its peak
efficiency point would have resulted in less shaft power than
achieved above by speed reduction.

Conclusion

The installation of a VFD does not eliminate the need for
precise estimation of system pressure drop. Overestimating
pressure drops leads to selecting larger and more powerful
fans than necessary, resulting in inefficiencies and operational
issues. Accurate pressure drop estimation and use of certified
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performance data are essential for effective fan selection
and efficient system operation. Reducing fan speed post-
installation to correct overestimation issues does not improve
fan efficiency, underscoring the importance of accurate initial
calculations.

Misconception on Fan Walls / Fan Arrays

It is often assumed that fan walls or arrays of smaller fans
operating in parallel are more efficient than using a single
large fan. Fan walls and arrays are traditionally preferred
mainly due to space constraints and redundancy factors, not
necessarily for efficiency reasons.

Efficiency Comparison

Larger fans typically have better aerodynamic efficiency
than smaller fans of same design due to size effect. The same
is true of motors. Therefore, a single large fan with a large
motor will be more efficient than multiple smaller fans/
motors working in parallel in a fan wall/array system.

Recommendation for Specification
Efficiency Prioritization

When efficiency is the primary concern, a single larger
fan is often the better choice due to its superior performance
characteristics.

Space and Redundancy Needs

In situations where space is constrained or redundancy
is critical, fan walls or arrays may still be appropriate despite
their lower efficiency.

Holistic Evaluation

A holistic evaluation considering space, efficiency,
maintenance, reliability, and cost is essential to determine the
optimal fan system for a given application.

Conclusion

The assumption that fan walls or arrays are inherently
more efficient than a single larger fan is not universally valid.
Larger fans and motors generally offer better efficiency than
multiple smaller fans. However, space constraints, redundancy
requirements, and other operational factors might justify the
use of fan walls or arrays in certain situations. Therefore, the
choice between a single fan and a fan array should be made
based on a comprehensive evaluation of all relevant factors
to ensure the most efficient and effective solution for the
specific application.
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