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Fig.5.. Typ-cnl Specific Fan Characteristic Curves, includ-

ing Specific Sound Power Leve!

Ezample 1: Covsid a 36)4-in. di fan operating at
700 rpm. If it produces a noige Tevel of 70 db what l:t:lll b:‘the
ltev':,ld lg a 4'9?—111 diameter fan operatiog at 1000 rpm is substi-
u or i

Solution: From Equation 12,
. 49 1000
! - —_— —_— -
Change in level 7010&:3”+ﬂ)105u7u 168 db

Noisa level of second fan = 70 + 16.8 = 86.8 db

Fan noige does not follow equations exactly. The radiated
sound power of a centrifugal fan, for example, is not all con-
centrated on the blade frequency. While the overall sound
power level seems to follow these equations fairly closely, the
various components in the different frequency bands may
xhowgreamrdevmnon In the case of axial flow fans there is
& wider range in characteristics of the vortex noise, 8o it would
be expected that a slightly greater deviation from these equa-
uonsenahthm{oreenmfugalfms Thxsmpartmular\y true
as speed is d. The fund tal or blade f;
emtaoveramdermngeolpresuremthemeo”hecen—
trifugal fan. In the axial fan, the harmonics are more easily
emtedmdoftentheseoondandthndhm—monmexeeed the
level of the fundamental ?

Specific Plots

Curves which describe the chamcteristics of an entire series
of similar fans can be plotted by usmg dmxenmonless coor-
dinates.® To describe the p teristics the p
coefficient ¢ can be plotted against the flow coefficient ¢ as
shown in Fig. 5, where

P Pt - total pressure
=) (D) (rpm) wheel peripheral 15)
4005 velocity pressure

1960 Guide
o= static pressure
(f)(D..)(rpm) wheel peripheral (18)
velacity pressure
o= g/4, outlet velocity an

EHDIGpm) ~ wheel peripheral velocity
where

D, = wheel diameter, feet.

P, = static presaure, inches of water.

Pr = total pressure, inches of water.

¢ = quantity of air discharged, cubic feet per minute.
A. = outlet ares, square feet.

Suchcurvmnpplywallfnnsmamlarsenm i.e., a series . *

of fans differing in size only while preserving complete simi-
larity in shape by having all linear dimensions changed in the
same proportions.

The overall specific sound power level Lws in decibels, as
ghown in Fig. 5, is defined as follows*

Lws = Ly — 10 logulg-pA (18)
where

¢ = quantity of air discharged, cubic feet per minute.
P: = total pressure, inches of water.
Ly = sound power level actually measured at equivalent
point of rating, decibels re 107 watt.

Since static pressure p, is more frequently measured for
fans than total pressure ., p, may be used under most rormal
operating conditions, When the difference between p, and p,
is less than 20 percent, the error will then be less than 1 db.
Near free discharge, p, is near zero and p, must be used. In
other words, Lws is the sound power level that a similar hypo-
thetical fan would produce when operating at 10,000 cim and
a total pressure of 1 in. of water at an eqmva!ent. point of
mating. .

Although few data are available to confirm the busi
it is indicated that such a plot also holds throughout a series
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Fig. 6....Chart for Determining the Sound Power Band
Levels for Ventilating Fans of Two Types.

Sound Control

of fans for all e\ght of t.he frequency bands provided rotor or
e are not p

Approximate Overall Sound Power Level

In practice, data of the type shown in Fig. 5 are usually not
available. Hence, in design an estimate hss 1o be made of the
overall sound power level and of the shape of the noise spec-

trum. Tests on centrifugal fans ranging in size from 0.01 hp

to 100 hp show that the sound power level in a duct either
upstream or downstream from the fan can be found within
+4 db from the simple relation:®

Ly = 100 + 10 logisEis + 10 logueps 9)
where
E,\, = rated horsepower of the fan motor.

(Note: Static y be d for total pres-
sure ;) if the difference be'.ween D and P, is less than 20 per-

The assumption is made tbat. the fan is bemg opemuzd near
the knee on its operati istics, ie., near
efficiency or near the nnmmum in the curve of specific sound
power (upper curve on Fig. 5)

Tt is interesting to nobe thsc x( the {ommla for fan mechan-
ical, or total, effici tion 19, it may
be brought into the sune form as Equakon 18. Assuming
actual horsepower = E,, and 50 percent mechanical effi-
ciency, Lws is 105. The example illustrated in Fig. 5 demon-
strates the fact that all fans of the same power input are not
equally noisy, since the minimum value of Lws for this par-
ticular fan is 109 db, 4 db higher than the value calculated in
the above manver from Equation 19. It is on the edge of the
stated limit of sppronmatwn of x4 db.

1t should be h d that Equation 19 is intended to be

used only when actual noise data are not available. -

Approximate Octave Band Spectrum

‘Within about +4 db tion, and ing no tur-
bulence in the duct or the coupling between it and the fan,
the octave band spectrum for a centnfu@l fan, relative to the
overall sound power level, is given in Fig. 6.

Limited data on vane-a)dal fans,* where sound pressure
level measurements were made in the discharge duct, indicate
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The noiss is expressed as the sovad power level in db in each of the three
speech interferance bands (Lwar).

Fig. 8..... Grille Noise for a Grille Area
of One Square Foot
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that the overall sound power level is about the same'as that
{or centrifugal fans. However, the spectrum shape of the vane-
axial fan noise is similar to that shown in Fig. 6.

More recent free field measurements on axial fans indicate

‘that perhaps the drop in level at the high and low ends of the

spectrum are more pronounced.® The solid line in Fig. 7 is
typical of the sound power spectrum for the axial fans re-
ported, as taken directly from the free field measurements.
Application of a correction for the end reflection losses from
the discharge opening (see Fig. 15) gives the dashed curve in
Fig. 7, which corresponds to the relative sound power level in
the duct. This spectrum shape for the axial fan appears to be
based on more extensive data than those of Fig. 6.

NOISE GENERATED BY GRILLES AND DIFFUSERS

Grille Noise

The subject of grille noise has not been covered ummughly
in the literature. The information giver in this chapter has
been taken from the advertising litersture of several grille
manufacturers and from recent experiments at the Mamm:hu—
setts Institute of Techm)logy

In general, grille noise at the lower frequencies is dependent
primarily on the size and shape of the grille opening, on the
mass flow per minute, and on the temperature of the air. At
the higher frequencies, the noise is determined primarily by
the area of the grille, the velocity of air through the free (open)
areas (oot the core or nominal ares), and the pressure drop
across the grille,

For two simple types of grille, stamped and deflector vane,
power levels are given in Fig. 8. These power levels are given
in terms of the speech interference level, Lwsy. Conversion
to the speech interference level in db in the room st a listener’s
position is described in the section on Determination of Room
Levels. In the absence of more complete m{ormnhon, it may
be assumed that the power levels of the noxse produoed by
the grilles th ives at low freq are

Fig. 8 is for a grille core area of 1 sg ft. Correction to
other areas of grille is made by the relation:

Decibel addition = 10 log;ed
where A = core area, square feet.
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