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Designing for Optimized Fan Acoustics




Agenda

1. What is fan noise

2. Where does fan noise comes from

3. Fan form factor versus acoustics

4. Optimizing your chassis design for fan acoustics
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1. What is fan noise?

Fan noise is a term used to describe the sound pressure and sound
quality emitted from an air mover.

Sound pressure measure how loud something sounds

Wave of pressure fluctuation
to be transmitted through the air ﬂ
(Longitudinal wave)

unit: dB (decibel)

Sound is a wave  Loudness of sound :Amplitude of a wave

Amplitude

High amplitude=Sound is Loud




1. What is fan noise?

Sound quality is related to how soothing or annoying something sounds.

Sound quality is comprised of the Pitch, Tone, and Modulation.

Plenum

(1S010302)

1SO Table
(ISO7779)

Binaural Head
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It is measured with the fan in an ISO 10302 plenum and a Binaural
Head.




2. Where does fan noise come from?

Fan noise originates from 3 areas of a fan in operation:

Magnetic Noise
=Circuit system noise
=Motor Noise

Fluid noise
=Wind noise
=Turbulence noise

Mechanical Noise
-Bearing noise
=Vibration noise
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2. Where does fan noise come from?

Wind Noise — Generated from the impeller hitting the air

The number of blades on a fan impeller affects the frequency of the
sound emitted.

For every revolution, a 9 blade impeller strikes the air 9 times.

Noise from a 9 blade impeller—9th order (red solid line)
IRl RN R = —

MAAAANNAAD 7
VUV

1 revolution of fan N
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2. Where does fan noise come from?

Example 1: Model: 9G0612P4S001
Speed: 11,000rpm
Impeller: 9 Blades

Frequency of impeller spinning at max speed:

e
11,000 (rpm) /60 (sec) = 183 (Hz) ---1st order (Basic fr:;N’

Frequency of 9 blades spinning at max speed:

183 (Hz) X 9 (order) = 1647 (Hz) -=-=-Wind noise
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2. Where does fan noise come from?
Example 2: 9LG1212P1G001
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A Fast Fourier Transform(FFT) analysis is done at 2,400rpm



2. Where does fan noise come from?

Example 2: 9LG1212P1G001
FFT Analysis results at 2,400 rpm

2,400 (rpm) /60 (sec) = 40 (Hz) =--1st order

50 1 280Hz 560Hz 840Hz 960Hz
( 7order)||(14order)||(210rder)| |(24order)
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2. Where does fan noise come from?
Example 2: 9LG1212P1G001

Guide Vane Impeller
: 8 blades __ : 7 blades

Stator
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What causes the 71", 14", 21st and 24™ order peaks?




2. Where does fan noise come from?
Example 2: 9LG1212P1G001

7/, 141, 215t order

v

d  Wind noise
:

d 24" order

s ) 4

O

Rotor Cogging
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2. Where does fan noise come from?

When more than one fan is used, the total noise from multiple fans is
not derived from adding up the sound pressure dB level of each fan.

For Multiple Fans:

L =L + 101og(n)

S

5 Example for 2 pcs; n = 2 L, : Composite SPL of
> +10log2 = +3 dB “n” pcs Fan running
D

§

O

Therefore, each addition of a similar fan in operation adds 3 dB.

Conversely, a 3 dB reduction in sound pressure equates to halving
the perceptible sound level.
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3. Form factor versus fan acoustics

Axial Centrifu gal Blower

High frequency [Low frequency Lower frequency

mh sound level |Moderate sound level High sound level
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4. Optimizing chassis design for fan acoustics

Factors affecting fan acoustics in a chassis:

1) Proper selection of fan type
i)  Number of fans used

i) Inlet obstructions

iv) QOutlet obstructions

14
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4. Optimizing chassis design for fan acoustics

Proper selection of fan type:

i
sumen \J‘
P!

Axial Fan — Airflow direction at inlet same as outlet. Fans
with fixed outlet vanes have added noise. N

(s
t@\.
L
Centrifugal Fan — Inlet airflow makes 90° turn and

exhausts radially - -
Gr

Blower — Inlet airflow makes 90° turn and exhausts
through a fixed outlet cross-section

The most suitable fan type will have the best efficiency to draw
and exhaust air from the chassis
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4. Optimizing chassis design for fan acoustics

Number of fans used:

Larger surface area

More fans

Using more fans increases noise levels.
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If no space constraints exist, using larger fans reduces the number
required for the same amount of airflow.
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4. Optimizing chassis design for fan acoustics

Inlet obstructions:

Examples of inlet obstruction are fingerguards, face plates, and components.

*Comparison with a finger guard attached on the inlet side
Fan: 950812M401

*Noise levels change depending on the fan size, shape, and open area.

30

25

[
=

Static Pressure

-
=

0

— MO guard

-4 mm spaced slit plate
\ -— — g5 mm perforated holes
:\ 8 = § mm wide concentric holes
- f—
L "~ | —— Finger guard
79%
+14.7 dB
. B2%
+10.8 dB
73% . ~— e
+17.0 dB
|
85%
+3.2dB
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Airflow

*Unlike the outlet side, an obstruction on the fan inlet side causes the
noise levels to greatly increase.
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4. Optimizing chassis design for fan acoustics

Outlet obstructions:

Examples of outlet obstructions are fingerguards, fixed vanes, sheet metal
perforations, components

*Comparison with a finger guard attached on the outlet side
Fan: 950812M401

— MO guard
*Noise levels change depending on the fan size, shape, and open area. g

30 I I -4 mm spaced slit plate
I | — g5 mm perforated holes
\ r g / —"'] -5 mm wide concentric holes
4 -
25 o [ — - Finger guard

P
[=]
4
N
j= 9
o

==
o

Static Pressure

73% |
10 | +8.0dB

0.0 0.4 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Airflow
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4. Optimizing chassis design for fan acoustics

Noise levels differ depending on the grill shape.
The larger the grill opening, the less noise will be generated.

4 mm spaced slit plate &5 mm perforated 5 mm wide concentric  Finger guard
73% open area holes holes 95% open area
79% open area 82% open area

79% open area

GmaD) E— IOy

Noise level

Crign) 4N > (tow)
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4. Optimizing chassis design for fan acoustics

Relation Between Noise and the Distance to Obstructions

Inlet side - Noise characteristics
L=10 mm

- -

.  L=20mm

¥ L=50mm

-/

Fan only

Outlet side - Noise characteristics

L =50 mm
~

W
e - "'"-"""_F#,F; EJ .i.
p— i I| i

L= 1l}mrn/ L =20mm , Fan only

‘,,f"'

- 50

25

-50

-45

-40

<

SPL [dBA]

SPL [dBA]

With 68% open area 14 x 3 mm
spaced slit plate obstruction facing
the fan ventilation area
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Point

Obstructions at the inlet side often
increase noise levels. However, rising

noise levels can be prevented by
increased spacing.

N
11l

Point

Adjusting the spacing shows no
particular change when the
obstruction is on the outlet side
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4. Optimizing chassis design for fan acoustics

Relation Between Noise and the Distance to Obstructions

Proposal for reducing noise
Distance the fan from an obstruction as much as possible.

| 9S0812M401 |
7 With obstruction
D _ﬁ / on fan inlet side D _8 ]1—
Fld— ) —°L—
: d
| L=10mm | i —

*Value differs depending on the
shape of the obstruction
*At the minimum, leave a space greater than the width of the fan ventilation

area (doughnut-shaped portion) to prevent turbulence and enhance the noise
reducing effect.

|
——Hll=
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4. Optimizing chassis design for fan acoustics
Other Methods of Reducing Noise

Proposal for reducing noise

Use a mounting surface with a larger area than the fan opening.

Side view
Mounting oIl oty
Surffj Bﬂd Gﬂﬂd
»>
»
» >
|

Mounting plates increase | Smooth air intake
noise by blocking the air | reduces noise.
flow.
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Conclusion

As was shown in the preceding slides, there are a multitude of
factors that affect the noise level of a fan in a chassis.

Educated selection and placement of a fan and its surrounding
components is the best way to minimize the sound levels.

These considerations need to be taken as early in the chassis design
and layout as possible, since it is difficult to implement a change
once the fan and chassis designs are finalized.
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