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{a) For a position straight in froat of outiat,
{b) For o peosition 45 deg Io side of outiet,
{e} Dot cross section areo = L*

‘Fig. 8 ... ... Directivity Factor Q for Use in Fig. 6 ’

Only at points more than 45 deg from the center line of an
outlet will the beam effect pmduoe 8 shadow zone in which the
direct, sound level is less than it would be for uniform radia-
unnItls,t.he:eforenotJusmﬁedbobase lculations on a

FAZQUENCY IN CYCLES PER SECOND

-
@
)

- Sound Power Spectrum of o Vaneaxial Fan it
with 5 blades at 3550 rpm ’

2. The natural en by d ducts,
3 Sound generated by other sources, auch 28 air flow.- !
4. Cross transmission between rooms. :
>

Smce each of these items d ds on fi

directivity of less than 2 or 4, d ding upon cutlet o
. The directivity factor for various source locations and sizes
eau be estimated from Fig. 8 as a function of rzequancy

STEP 3—CALCULATION OF REQUIRED DUCT
ATTENUATION

" Noise is readily transmitted by duets, unless they are acous-

tically treated. The attenuation naqmred to reduce the duct

noise below the power levels calculated in Step 2 depe.nds on:

The amount of sound generated by t.he fan, and how it | is
dxnded among the va.noua duct branches.
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lations should be made for various octave bands,

Sound Generated by Centrifugal Fans

Selechon of as quiet a fan as practicable will often reduce
the d duct ifugal fans for cen-
tral are sel ing items should' be con:
sidered:

1. Soundlevel,uwvllsahhnumalsdecﬁanfwtmsuhamdbe
considered in cv&luaung various fan types.

2. The fan should be selected to opemte near ita eﬂ'mam:y
peak whe.n h“""‘“ﬁ, requxred air quantity snd static
ould be designed for emooth air
ould be as low as economically feesible.©.

4. Duct connections to the fan mlet should be designed w
provide a amooth approach of the air.@

Toevnluatetheeﬁectoffnndmgn,xhsneéesafy&ocon—
sider the entire sound spectrum.®.% The sound power spectra®
chown in Fig. 9 illustrate '.he followmg fucts about ventilating
fans of the centrifugal type

1. When fans of different dmgn are consdered for a given

d; the foll

! ;ppl::ﬁluon, neither the rpm nor the tip speed indicates which

be quieter. Backward-curved fans, if properly sclected,
are usually somewhat more efficient and a little quieter than
orward-curved fans, although their tip speed is er, On the
ot.ber hand, forward-curved fans are more compact and h%::_
Their lower speed may have other advantages, such as d
mg noise and more tolerance in regard to wheel unbalance. '
2. The sound power spectra of centrifugal ventilating fans fall

oﬂfmmlowtohxghfmquencyatannvmgemuof4w6dbpa-

octave. The oversll power level, bei ic summ, is pri-
marily & measure of -the noise at" f encies below 150 cps.
Experience pointa to the 150-300 cp?tn d as being the most
critieal one 1n silencing centrifugal central station fans, with the
75-150 and 300-600 cps bands being next. Noise comparisons
of differcnt fan tyr m therefore be based on the sound power

level in these ban butnotonoveml]leveb.
3. The sound spectra of centrifu;
uysmms ghould be relatively amoo
The for

fans for w—cond.monmz
ml.hout pmmment pure
rved
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Fig. 9.... Sound: Power-Spectra of Two Types of 124 in.
Centrifugal Ventilating Fans Delvvenng 1120
cfm Against |.4 in. Static .- R B

Fig 9 shows a peak at the blade
b eeummmvoluhonsperweo ). 5
ing a relatively small number of blades because of the distinck
ressure field around each blade. The peak is more pronounced

or bigh flow rates at relatively low static; it mny be vated
by & Gut-off located £oo chae 1o the wheel peri

Rery. of
the added annoyance of pure tones, the output at blade
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fig. H Compunson of Two Similar Cemnfugal Fans
of Dlﬁerem Size and Speed, Selected to Deliver
6000 cfm Against 1.5 in. Static Pressure
f;v:qmcyshuuldbedmelymmnedwheumlmnghnsfor
. eritical applications.

The-sound power spectnim of & vaneaxial {an,® as lllus-
trated in Fig. 10, is quite different. fmm that of & eenmfugnl
fan. Relatively Im.le sound is d at low fi
The spectrum usually has a very strong peak at the blade

passage frequency and often has seoondary peaks at multiples ™

of this frequency. -
Prupermzmgofthafsnlsf.hemostxmpormnt factor in
assuring & minimum of fan noise for any given type of fan.

"l’benmsemﬂbelowwtlfthefan:smzedtoopemmnwtbe

peak of its efficiency curve when delivering the required air
volums {(cfm) against a required static pressure.” Noise and
eﬂimancyof&nyfmmnotrdafedonmenergyb&mbmuse
of the amall a 4 of energy: required to p

noise. However, the same factors which produce noise in a fan
also tend to reduce the fan‘efficiency. As Fig. 11 shows, the
Boise energy may easily be doubled (increased by 3 db) for &'
didiyin efficieney of only'a few percent. -

An undersized fan will operate under the nghb—bnnd part
of the curve. Its efficiency will be lower and the noise higher
than that of the optimum sized fan. The primary cause of
both lower efficienty and higher noise appears to be the higher

. Table IO
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- . FAg.12.... Horsepowerund Pressure Fudcr, v
10 logif W-p), for Use with Eq. 14 and Table 10
ings-are of the utmost importance. These should" always be
dea.rly specified, and their mgmﬁmnee in any selcchon er com-

pa.mon clearly understood.!+®

“If actual test daia are not availahle, the approximate fin
sound power level for a centrifugal fan of the typé used for
central stations can be estimated for each octave band imm
Equation 143 -

Lr/ - ltvn + 10 logue (W:-pJ (19)

'whb'c '

- Lwy = nppmxumw wund power level of the fnn, decibels re
- 107 walta

Les = approximate base sound power level for c:nkal mtmn
. omt.nfup.l fans, decibels re 10 watta.

Ap roximate Base Sound Powel: Lovels* for
Central Stations Fans of the Centrifugal Type b.od -
_indb re 107 watt

air flow velocities through the fan. To avoid ex
ﬂmianshouldbelargeenmxgheokhattbevelocﬁypm
corresponding to the fan outlet, velocity is between 15 and
25 percent of the static pressute for forward-curved fans, and

. between 7 and 13 pement for backward-curved fms
Oversized’

fans are’ not.only uneconomical, but are’also -

noisier than optimum sized fans. This Is dus to ion of

" Shotic ‘ " Octove Bond Center, cps
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- Under 30 Unpredictable

mﬂnwoverthe!anbl&da,whmhoomuswhenafmopemtm .

fotbe]eftoftbepmkofi.hemhceﬁmencycmshownm
Fig. 11. Flow scparation has less effect-on efficiency. than it
therefm\a,

20t 4 good measure of its quietness.

Smnefnndwgnanda.pph details vesucha.nxm—
portant effect, fan sound - ratings from .the manufaciirer
should ‘be consulted. It must be borne in mmd howevar,
t'lm-t.hz!=mm‘l:u1mmtmdt.et.lr.mmx.euss:d(z:uobt‘.u.n\‘.lnsel'ab-

. ¢ Yalune of ecxnd power lovel uncertain for 7.8 to 75 froque

b Bag ed e reference muua:hhpndl
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