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favarable refation between the low frequancy and the high frequency portion
of the spectrum is desired (see fext].

Fig. 3. ... Criterion Curves for Use with Table I>in
Determining the Permissible (or Desirable) L,
Values in 8 Octave Frequency Bands

such cases it is advisable to make an octave band analysis of
the noise, if possible.

KINDS OF NOISE

The noise introduced into a room or building by ventilating
or air-conditioning equipment may be divided into two gen-
eral kinds, depending on how it reaches the room:

1. Noise transmitled through the ducts.

a. From equipment such as fans, motors, sprays, ete.

. From outside, and transmitted through duct walls into

air sf

¢. From duct wall vibrations, transmitted into air stream.

d. From air currents, including eddying noises.

e. Cross talk and cross noises between rooms connected by

the same duct system.

j. From dampers and air valves located near branch duct
take-offa n.nd outlets
g. Noise produced by gﬂles or diffusers.
2. Noise transmitted (hrmtgh the bmlqu cavl-ulrudum
a. From hi a3 v
b. From equipment through room wall surfaces.

The following text will present data and discussion of meth-
ods whereby solutions of the noise probk
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Some o3 Fig. 3 except that eoch NCA curve bos a foudness fevel in phons
that is 30 units grecfer than the Speech inferference lavel in decibels (ax-
pressed by the NCA number of the cwrve). Those curves moy be used in design
ar spacifications in place of those of Fig. 3 wherever aconomy diciotes ¢
maxiswe comprontise ond where, in addition, the fon and turbulence noise
is theody ond free of low frequency pure tone components (see text).

Fig. 4 .. .. Criterion Curves for Use with Table 1 in
Determining the Permissible lor Desirable) L,
Values in 8 Octove Frequency Bands

The I t is iated with the impulse
glventotheaueacht\maabladepmsesngwenpomtundls
hence a series of discrete tones at the fundamental blade pass-
ing trequency and harmonics thereof. The vortex component
of noise is largely due to the sheddmgoi vort&tes from the fan
blades. It is random in and has a spec-
trum over g wide range of frequencies determined by the fan
geolnetry and operation. It may also have many ronharmonic
single-frequency components determined by blade geometry
and local air velocity. Since the laws of generation of these two
types of noise are different. they will vary in importance for
different types of fans and operating conditions.’ *

In addition to aerodynamic noise, there are usually several
non-aerodynamic sources of noise in equipment involving
fans. Such sources include noise resulting from unbalance,
bearing noise, brush noise, magpetic noise, and belt noise.

The number of blades of a centrifugal fan generally is
govemed by optimum air-flow design. The noise generation

can be
when the allowable room noise leve! and the pat.h through
which the noise reaches the room, are known.

NOISE GENERATED BY FANS

Aerodynamic noise from all types of fans may be broadiy
divided into a rotational component and a vortex component.

but clightly for more than the optimum number of
blades.

Powerful tones of definite pitch may be generated in fans
when the wakes from the impeller blades impinge on an ob-
struction such as a badly located or shaped cut-off ina centrif-
ugal fan, or struts or motor supports which are badly shaped
and too close to the impeller of an axial low or propeller fan.

Sound Control

This interference noise has the same frequency characteristics
s rotation noise.’

A shroud around a propeller fan may serve to reduce noise
considerably if it is working properly. Such reduction is gen-
erally most effective at the higher harmonics. However, if the
flow breaks down over part of the shroud, the noise may be-
come considerably worse than for an unshrouded case.

As the operating pressure across axial fans is increased the
maximum sound intensity i shifted from the fundamential
to higher harmonics. This effect is not observed for centrifugal
fans.

Effect of Fan Parameters on Noise vs, Performance
Fan Laws. The principal laws governing the mechanical

* performance of a fan, whether centrifugal or axia), are fairly

well establisbed and are given in Chapter 22.

Fized Point of Rating. A fixed point of rating of a given size
fan at 8 given speed is one for which the capacity (volume
flow) is chosen as a given fraction of the free delivery capacity.
Having chosen this capacity ratio, the ratio of pressure to the
static no-delivery pressure is determined. This fixed point of
rating will have a fixed efficiency within the limitation of cer-
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Toble 'l ....Recommended Noise Criteria for Rooms*
loise Levels to be Mlcsvmd' m Unoccupied Rooms

tain manufacturing details. The fan laws serve to relate the
performance of two members of a symmetrical series of fans
operating at the same fixed point of mting whether at the same
or different speeds.

Correlation of Fan Noise with Size, Static Pressure, Speed,
and Capacily. The empirical relations between the noise gener-
ated by a fan and its size, static pressure, speed, and capacity
are a5 follows: .

Change in overall sound power level varies as:

70 loge(sizes/size;) + 50 logie(speed,/speed:) (12)
20 logus(aizes/sises) + 25 logo(p pressures) _{14)-

10 log:e{capacitys/capacitys)
+ 20 log,e(pressure,/pressure;) (14)
These relations also apply only for a fixed point of mhng
A double width fan is essentially two faps of the same sige,

speed, and sound pressure. Its sound power level will be 10
loge 2, or 3 db greater thap for the single one.

Computed
Equivalent
Recommended | Sound Lavel
Type of Space Noise Criferion Meter
Curve Reodings*
Weighting
Scale-A db
Broadcast studios................. NC 15-20 25-30
Coneert halls. .................... NC 20 T30
Legitimate theaters (500 seats, no | -
amplifieation) . . .| NC 20-25 30-35
Music rooms. ....... NC 25 35
Conference rooms for 50. NC 25 35
Apartments and hotels. . NC 25-30 - 3540
A bly halls (; lifi NC 25-30 3540
Homes (sieeping areas). . . NC 25-35 35-45%
Conference rooms for 20. . .| NC30 40
Motion picture theaters....... ... NC 30 40
Hospn.als ...... e ..| NC 30 40
N NC 36 40
Coun.rooma NC 30 40
Libraries . ..t NC30 40
Small pnvsw oﬁe& ...... NC 30-35 4045
i NC 2535 3545
Restaurants { NCA 45 55
Colisenms for spoﬂ.s only (n.mph—
fieation). . NCA 50 60
Stenographic offices (typing and
" business machines)............. NC 50 60
Factories ..................oouunn NCA 40-65 50-75

Nots: Each noise criteria corve is & code for apacilying permissible sound pres-
sure lavels in eight octave bands. It is intended that in no one frequency band
should the epecificd Level be sxcoeded. The computed equivalent dba oumbers
in the right-hand colums are provented for infarmation oaly and are po longer

ded for use in wysterns ghould be operating
and outaide noise sourves, traffic conditions, ctc., should be normal when measure-
meats are mads.

* 1 the nuiss is predominantly in the specch banda so that. the apectrum does
not bave the shape of the recommended noise eriterion curve, the recommendad
volues should be kower by 5 db.

® Room air conditioners made prior to 1957 commuonty produce levels of 50 to
50 db in sleeping areas.

Table 2....Recommended Noise Criteria for Offices*

NC Curve of Fig. 3 Communication Enviroament

Typical Applications

NC20 to NC30 | Very quiet offi

lenh s

itable for | E: ive offices and conference rooms for 50

large conferences.

P use Y

people.

NC30 to NC35 | Quiet office; satisfactory for conference at a 15-ft table; nor- | Private or semiprivate offices, reception rooms,

satisfactory; normal voice 6 to 12 ft.

NC40 to NC50 | Satistactory for conferences at s 4-5 ft table;
occasionally slightly difficult; normal vaice 3 ta 6 ft; nuxed

voice 6 to 12 ft.
NC50 to NC55 | O isf} y for f

ft; raised voice 3 to 6 ft.

mal voice 10 to 30 ft; telephone use satisfactory.
NC35 to NC40 |- Satisfactory for conferences at a 6-8 ft table;

and small conference rooms for 20 people.
h Medi ized offices and industrial business

use
offices.
3 Large

ing and drafting rooms, ete.

of more thap two or three Secretan&l arm (typxng), Mcountmg nxea.s
people; telephone use slightly difficult; normal voice 1 to 2 rooms, efc.

h

Above NCS55 Very noisy; office i isfactory;

difficult.

use | Not ded for any type of office.

* Noise messurcments mede for the purposs of rating the noise level in an office by comperion with these criteris abould be performed with the offico in
normal operation, but with no one talking st the perticular desk or conference table where speech commuvication is desired (e, where the messurement in being
made). Background noise with the office unoocupied abould bo lower by approzimately 5 to 10 unita.




